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HO y>KC *10011 KM ;IlM, MH‘H Hi* *t H i •»| • l .1 n • . n i J ■ .i j -i i in-.. , . s : IH1K) 

KHC:iOpO;Ui ;iO;i>KHOlO BKHMaimH 11 l-.tl ni.i ]|. Il II I ■■ '.■! 'i IIO- 

qaiH noHBniHCb pa6oibi Bau I Via uiom H II I <in.ip.ii .mm; i h mih- 
1H H.K. \l0p030B0H H HOKOTOpMX ; I p\ I II \ H r-mh i i ■ i ■ ' u n . < • l llpM- 

nHCbiBawT ly hjih nnyio no;iocy b oiiokipo ..nu m- ■ ■ ■hihho u- 

601HCb o lOM, HaCKOJlbKO 310 0 O| Jiac\o 1 0)1 I \ l II«* I... III i; > . ' il \ 5BIO- 

pOB, npHriHcaBuiHx e\iy zxpyryio iiojiocy, n mo iic. ih -i ■ • • i. <> i<<i n" on \io- 
>kct ;xaBaTb HecKo;ibKO iiojioc, a t3k>ko b\o;ihu. n iib l.m ■ n-■ ■ ■ |•<>n ip.i ihhmoh- 
ho rrpHriHCbiBaeMbix o;iHOMy nmiib aKiHBaiopv \1mnii< .i» h hm m- . lonaioi. 
npextfiOMHTaH BBH^y c;io>khocth Bonpoca bohoo mo \mhmimmii. <* i m M»po;ie 
h ynono6-iHHCb Te\i caMbiM MeiiOBeKy, Kompbiii mun umimmmiiio ». ;ku ne 
raM, r;ie BbiHMMaji hocoboh njiaiOK, a no;i (jjonapoM, iimoim hu» i\ i ohoijicc* 

B npe;xnaraeMOH KHHre Bonpoc o pojin Kucaopona n o\ n>«|>iuo minka pac- 
cMOTpen, noxcajiyH, c HaH6o;ibmeH b03mo>khoh b iiaoioumor iipoxm ihuho- 
ioh. Kunra coaep>KHT orpOMHMH h BecbMa paanoofipa himh >im HopiiMciirajib- 
HblM MaTepHajl. IIomHMO TpaOTUHOHHblX ;XJIH JIHJMHHCCHOHIMI.IX MOi-IO.HOBailHH 
ciick rpoB BQ36y>KAeHHH h jnoMHHecueHUMH, b hcm oimcam.i poiy ibiaibi hjv- 
MOIIHH kpHCiaJCIOB C nOMOUlbK) paCTpOBOrO 3JICKTpOHHOI O MHKpOCKOlia. IlpH 
MOM HO 10 ,’lbKO B CBOTe JHOMHHeciieHIXHH. HO H B ITOTOKC OTpa>KOHHbIX OIOK ipO- 
MuH, paoCMOipOHO BJ1HHHM0 KHCJlOpOfta Ha ClteKTpbl OTpa^eHHH, Ha IKKTOHH- 
ii> io poi no i ku h na nocJiOKrbi ynaKOBKH* 3 to iio3bojihjio ycTpaHHrb MHome 
iipomnupoMHH mo>k;i\ o y i i io ot b y io ihh mh b JiHTepaiype yTBeprøeHHHMH. 

Kinna, hooomhohho, oyaoi no.ieaHa hc rojibKo TeM, kto HenocpencTBeHHo 
CBH JUH C C\ Ml.i|)HMOM IIMHka, HO H BOOM, K I O HMCC T AOJIO C LliHp0K030HHbIMH 
nojiynpoBo;iHMkaMn. nonojib iyoMi.iMH b ohto jjiok ipoHHKo. Bce ohm MoryT 
11 MO I b HJJOXO KDH 1 po. mpycMblO H 3O3JI0K ipomiMO npMMCCll, Ha Koropbic Ma;iO 
oBpamaJiocb bhhmuhmh IIomhmo Kiic;iopO;ia b A 2 B 6 , 310 mo>kct 6biib a30T b 

A'*B S , ropMUMHH H KpOMHHH B KapfuittO KpeMHMH. AHajlOTHMHO KHCHOpO^y 
b cy;ib(})H;ic imnica ohm Moryi Gbirb OTBCTCTBCHHbi 3a ropa3ao 6o.nee rnnpo- 
KMM Kpyr HBJICHMH, MOM CMMTaCTCH B HaCTOHHiee BpeMH, 


M. H &OK 



IIPEUMCJIOBME 


npe^naraeMan BHHMaHHio muaiejieH MOHorpacJ)HH BKjnouaeT nmb rnaB. 

B nepBOH niaae 0xapaKTepH3OBaHbi cJ)H3HKO-xHMHMecKne cBOHCTBa, onw- 
caHbi Meio^bi nonyMeHHH MOHOKpHCTaJUiOB, Aaeicn aHajiH3 Aecj)eKTOo6pa- 
30BaHHH B cyJTb(J)HAe UHHKa B ruraHe B3aHMOAeHCTBHH C06CTBeHHbIX TOMeM- 
Hbix ue^eKTOB, a TaK>Ke KHCJiopoua. 

Bropan i\naBa o6o6uxaeT hmøioluhhch b HacTOHiuee BpeMH 3KcnepHMeH- 
TaJibHbiH MaiepHaji rio HccjieAOBaHHio dkchtohhwx cneKTpoB ZnS h 33bhch- 
MOCTH HX OT npHCyTCTBHfl Ae(j)eKTOB ynaKOBKH, nOJlHTH^blX BKJUOMeHHH, 
TeMnepaiypbi. 

B TpeTbeii mase npeACTaBJieH opHrHHajibHbin MaiepHan no HccjieAOBaHHio 
ponn oiTTH^ecKH aKTHBHoro KHcnopofla b jnoMHHecuemxHH h nonromeHHH 
caMoaKTHBnpoBaHHoro cynb^HAa UHHKa. rioKa3aHo, mo KMcnopoa b y3Jiax 
peuieTKH o6pa3yeT nempbi 3axBaia B036y>KAeHHH KaK Ha H30JiHpoBaHHbix 
aTOMax, TaK h Ha KHcnopoAHbix napax c pa3HhiM paccTOHHueM Mexcuy aTOMa mm. 
B cneKTpax 3tmm ueHTpaM cootb CTCTByiOT ABe rpynnbi no;ioc HepenaKCHpoBaH- 

HblX H peJiaKCHpOBaHHblX COCTOHHHH. IIOKa3aHO, MTO CAeJiaHHbie BbIBOAbl 
AOJDkhw pacnpocTpaHHTbCH h Ha Apyrwe TBepAbie pacTBopbi aHHOHHoro 3aMe- 
meHHH b rpynnax coeuHHeHHH A 2 B 6 h A 3 B s . 

MeTBepTan maBa nocBHiueHa aHajin3y pojiH co6cTBeHHbix ToqeqHbix ue<i>eK- 
tob b JiioMKHecueHUHH cyjibc})HAa UHHKa, couep>Kamero khcjiopoa; paccMOipe- 
ho yqacTHe KHcnopoAHbix KjiaciepoB h BhiuejieHHH oKcnua UHHKa b SAL-jho- 
MHHecueHUHH; oGcyxcAaeTCH npnpoua KpaeBoro h 3ejieHoro cBeqeHHH caMO- 
aKTHBnpoBaHHoro ZnS. 

OnTHqecKHe CBOHCTBa peajibHbix MOHOKpHCTaJUiOB cyJib(})HAa UHHKa onHea- 
hm b nHTOH rnaBe. rioKaaaHo, mo BbipaiueHHbie H3 pacnnaBa ccJjajiepHThi hmciot 
cnoHCTbie (JjnyKTyaiiHH cociaBa 3a cmct HepaBHOMepHoro pacnpeueJieHHH khcjio- 
poua b cjiohx. M3yqeHO bjihhhhc ruiacTHuecKOH ue(})OpMauHH h ;ieiHpoBaHHfl 
HHOBaneHTHbiMH npHMccHMH Ha nepepacnpeAeneHHe KHCiiopoua b tbkhx Kpn- 
ciaiijiax. OnHcaHa pojib AHCJiOKauHH b cTa6HJiH3auHH okchahmx BbiueJieHHH, 
a TaK>Ke upyrwx npHMecHbix cKonjieHHH b ZnS. 

Pa3nenbi MOHorpacj)HH, nocBHiueHHbie nojiyqeHHio KpHCiajuiOB cyjibc})HAa UHH¬ 
Ka h cBOHCTBaM rHupoTepMaJibHoro ccJ)aJiepHTa, HanncaHbi Ky3HeuoBbiM B.A., 
ocTajibHbie — Mopo30BOH H.K. 

Ab ropbi npHHoeBT niy6oKyio GnarouapHocTb coipyAHHKaM KacJjeupbi ”IIo- 
JiynpoBOAHHKOBbie npH6ophf’ M3H h Jia6opaiopHH HKAH CCCP, MHorojieT- 
H HH nOMOLUb KOTOpblX cnOCOGCTBOBaJia BbinOJlHeHHK) 3TOH pa60TbI. 

ABTOpbi owcHb npH 3 HaienbHbi M.B. OoKy 3 a orpOMHhiH Tpyu no peuaKTH- 
poBaHHio pyKonncH. 
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I ll.lll.l 


<1>UU1K<) \HMIVIK KMI \( III KIM 

nojiyMi niui moiioktik i ajijioii 

1.1. KPMCTAJUIHMIX KAH CTPyKTypA 
M HEKOTOPblE CBOfiCTBA CyJIbøMAA IUIIIKA 

CiexHOMeTpHqecKHH cociaB cyj!h(|)Hj«a uniika ZnS c<»mu*iciBveT 
67,06 moji.% Zn m 32,94 moji .% S. B npHpone eymecinyei mbo nojiu\iopc{)Hbie 
MOflH4>HKauHH ZnS c KySHHecKOH h reKcaroHaJibHon cTpy ktv pa m h. Cootbcict- 
Bviomne MHHepajibi Fa3WBaioTCB c<j>ajiepHTOM (s) h BiopuHTOM (vy). Ha npwpon- 
sibix KpMCTaJSjrax ZnS, npenMymecTBeHHO rnApoTepManfoHoro ripoKcxo>Ki],eHHH, 

npeofiJiaaawT (J>opMbi {110}, {ill}. {TIT}, (100) h {311}, Ha6Ji}ojiaeTCfl 
cnaHHOcTb no (110), iBepnocTb cociaBJiHeT 3-4 enHHHUbi rio MHiiepanorn- 
uecKOH njKajie, a iuiOTHOCTb 3aBHCHT ot coBepmeHCTBa w npHMecHoro cociaBa 
KpHCrajinOB. OcHOBHbie <]DH3HKO-XHMHHØCKHe CBOHCTBa CyJIb4)HAa UHHK3, ko- 
ropbie noHa^o6HTCH naM b naiibHeHuieM, npHBeACHbi b Ta6n. 1.1. noKa3aTeiib 
npeJIOMJICHHH HCKVCCTBeHHblX MOHOKpHCTaJUIOB CCj)aJiepHTa X'IH pa3HWX 
BOim cociaBJiHeT 2,488 (440 hm); 2,414 (500 hm) ; 2,369 (589 hm) ; 2,340 
(671 hm); 2,280 (i 400 hm); Brøpuma 2,378 j t h 2,396i (589 hm) hjih 
2,350;, w 2,330 i (671 hm) [8]. 

TeMiieparypHaa 3aBHCHMOcib TennoeMKOciH ZnS a jih HHTepBana 273 
1173 K aana b [12]: 

= 12,81 + 0.95 - 10 3 r - 1,946 • 10“ s 7" 2 . (M) 

PacTBOpHMOCTb ZnS b Boae npn KOMHaTHOH h noRhimcimi.tx løMMøpaiypax 
Kpaime HH3Ka [13] h pe3KO B03pacTaeT b npHcyrcimm MmiciM.muiopOB 
[14]. Ha 3 tom, KaK oyaeT noKaaaHO, h ocnoBaiu.- HMpamimamu' Kpnoia oiob 
H 3 pacTBopOB. FlpH noBbiuieHHbix TeMHcparypax cvj!m|)I!i imiika rv(> ntMHpyer 
c j?.HccouiiaiufeH: 

2ZnS TB ^=^2Zn r + S 2 r . <1.21 

TeMnepaiypHafi laBHCHMOcn» jiaHjmimH jiu. . i-muumi ii mm?, i;iium ; ?.;icco- 
imaUMH, no JiaHHblM [9] . onnchlHauHoi . nrmmimr m \ p.iinu iiiiii■>-m 

lg= 148,63// * 203/!)''/• m>. ' ’ (1.3) 

lgtfnHc = 40585/7’ J Ml)!' (1.4) 

<\a,e P ilvu: Bbipaaceuo » .MM A ;iiii i» .mm 1 

npH TCMHC pa I VjK* I M)(fC i \ : l I.I | 111 • i Itmn.i il i i i . * i ! 1 * 11 f|i.i ir lipaKTH^lCCKH 

nojiHocriiio uvu^nimiponaii u ji.iiniriim-iM m.i|hhi /11 s M‘.),K'io npeneOpeqb. 

HaBJlCHHC liapon » <>ll.liailim /||S lu.iiiir 1-50 < Il I'im; |I’I MpeBbimaTb 1 aTM, 
a npH I860'C . MIK)|||||( II |>. Iitm.nl lo .11 1 | I f) I ( \ UMHKH MOJKeT 
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Taosima L l HeKOTopbie (J)H 3 Hmcckhc h xhMHH ecKHe napaMerpw ZnS 


FlapaMeTp 

C<J>anepHT (Ky- 
6K4eCKHH) 

3 C ZnS 

BiopuHT (reKcaro- 
HanbHbiH) 2//ZnS 

JlHTepaTyp* 

1 

2 

3 

4 

riepHoa peiueTKM, hm 

0.54090 

0,38260 

0,62615 


OOteM aneMeHTapHofi 

KMeftKH, CM 3 

158,2 - 10 “ 

79,4- 10” 4 

- 

HHCnO MOJTeKVJl B cm 3 

2,5 • 10” 

2,5 • 10” 

- 

Hhcjio MOJieKyji b 3neMen- 
TapHOfi HMeftKe 

4 

2 

[2] 

rinOTHOCTb, r/CM 3 
peanbHan 
peHITCHOBCKaM 

4,09 

4.123 

4,08 

4,103 

[8] 

Ko3{J)t|)HIIMCHT JlHHCftHOI O 

pacuiHpeHH» (0-100°C), 

CM j° C 

6,7 • 10” 

6.2 - 10” 

<> 

[2] 

TcMnepaxypa JIcGaa, K 

315 

370(11 c) 

340 (i c) 

[3] 

3HeprnH peuiciKH. 

KKajl/MOJlb 

819; 858 

816; 858 

[4] 

TcMnepaiypa nnaBneHHn, 

°C 


1820 

[1.111 

JlaBneHHe npH 7^, aTM 

- 

3,7 

19,10] 

TeMnepaTypa B03roHKH, 

°C 

1178 r 2 

1185 t 6 

[2] 

3iiTajibnM>i o6pa30BaHM« 

A 9 8 KKaJi/MOJib 

-48,2 

45.3 

[2] 

3HTpOnHH 06pa30BaHHH 

A 9 a , Kan/ (Monb • ° C) 

13,27 

34.44 

[2] 

TennoTa cyGnnMauHH, 
KKan/MOJib 

35,74 

63,3 

[2] 

A S ^cnapeHHB, Kan/ (MOJib • 

• °n 

34 

84 

[2] 

A H {J)a30Boro nepexona 
2//—3C. KKan/MOjib 

3,2 ± 1,0 


[2] 

A S 4>a30Boro nepexo/ja 

2H -> 3C, Kan/ (Monb • ° C) 

2,24 

- 

[2] 

Ko34>c})MUHeHT xennonpoBOH- 
hoctm. Kan/ (cm - c * c C) 

0,006 


[2] 

MarHHTHan BOCnpHHM4HBOCTb 
(77 -300 K), cm 3 /mojil 

-0,26 * 10~ 6 

-0,29- 10" 6 

[2] 

rionBHKHOCTb 3neKTpOHOB, 

CM 2 / (B • c) 

200 

140 

[2] 

KoHUeHipaUBB CBoGOHHblX 

o 

i 

o 

-- 

[2] 


HocHTeneJi (300 K) , cm -3 
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Tao.xuual.l (oKOHMaHHe) 


1 

1 


4 

'/KHJHll CHOUtMIIMA 

inn iih‘Jii ‘11 (ZnS Al, 


10 1 10 ■' 

|5| 

//lill!) » 




V ii* II.IUM liir h J1 1 ]i'14 1 i-ur 

lo’ 1 hi* ’ 

- 

|5| 

< < >: 11 x 11 nit - r * i c 11 4 - m< m< ik |>iii 




urn ( Im . m 




V ii|>\ i nr ii<h i(*>iiiiu.ic 

|n -U. 


1 2| 


4 ,b 1 



* 1 2 

b ,5 * 



UlHpHHa lanpcmcHHofi *o- 
Hbi (300 K) , jB 




£ onT 

3.7 

3,8 


^ : TepM 

3,4 

3.5 


3HCpl HH (JjOHOHOB, MjB 

43 (LO). 37(70), 
22 23(7/1), 

14(7>1) 

44(70), 39(70) 

[II 

JlH3HeKTpMMeCKaH npOHH- 




uaeMocTb 




C oo 

15,8 

8,3 

16] 

c o 

9,7 

5,07 

[7] 

3(})<l)eKTHBHblft 3 ap H.R HOHOB 

0,40 

0,48 

- 


6biTb pacruiaBJieH nou flaBJieHHeM HHepTHOro ra3a. TeMnepaiypa njiaBueHHH 
no zjaHHbiM pa3Hbix aBTOpOB jiokht b npeuenax 1750—1820°C [1, 11]. riocJieu- 
hhh BejiHMHHa cHHTaeTCH 6ojibiiiHHCTBOM HCCJieuOBaTeJieH 6onee uocTOBepHOH. 

HM3KOTeMnepaTypHaB MOUH([)HKauHH 3CZnS (ccJmepHT) othochtch k Ky- 
6HMecKOH chhtohhh. llpocTpaHCTBeHHaH rpynnaF43ra. B cTpyKType cc})anepM- 
Ta aroMbi uhhk 3 pa3MemeHbi no v3JiaM TpaHeueHTpHpoBanHOH KyGnqecKOH 
peuieTKH. Atomh cepbi oGpasyrøT nouoGHyro pemeiKy h pacnojiararøTCH TaKHM 
o6pa30M, hto KamjbiH aTOM cepbi OKpy>KeH qeThipbMH aTOMaMH UHHKa. Koopun- 
HauMOHHoe mhcjio aTOMOB UHHKa TaKxce paBHO qeTbipeM. B nanpaBJieHHH [111] 
KpHCTajuiHMecKHe miocKOCTH npeuciaBneHbi napaMH qepeuyiomHxcH cnoeB 
Zn H S. CoOTBeTCTBeHHO OCb [mi HBJIHeTCH nOJIBpHOH. 

3tH OCOØeHHOCTH CTpyKTypbl ZnS BhIHBJIHIOTCH npH TpaBJieHHH. BblCOKO- 
TeMnepaTypHau MOUH(})HKauHH 2// ZnS (BrøpnwT) othochtch k reKcaroHajib- 
hoh chhtohhh. UpocTpaHCTBeHHaH rpynna Pbtnc. A to mm cepbi b BiopUHTe 
3aHHMaioT nono^eHHH, 6nH3KHe k reKcaroHajibHOH miOTHenmeH yriaKOBKe. 
KoOpUHHaUHOHHOe 4HCJTO aTOMOB UHHKa H cepbi COxpaHHeTCH paBHMM 4. 

MexaHH3M npeBpameHHH 3C 2 H TpaKTyercn pa3HHHHO. B paGoTe [15] 
6bUio BbicKa3aHO npeunojioaæHHe, hto iipn o6pa30BaHHH coGcTBeHHbix Toqeq- 
Hbix ue^eKTOB hjih BBeueHHH iipHMeceu b ZnS nepecTpoHKa KyGnqecKOH 
CTpyKTypbl b reKcaroHajibHyio cBH3aHa c o6pa30BaHneM 3HaqHTeJibHhjx koh- 
ueHTpauHH ue(})eKTOB ynaKOBKH, ynopjiuoqeHHe KOTOpbix MOxceT aaBaTb reKca- 
roHajibHbie CTpyKTypbl. OuHaKo TaKan roqKa 3peHHH He nouTBep>KuaeTCH 3Kc- 
nepHMeHTajibHO, nocKOJibKy KOHuenTpaunn cxpyKTypHbix uecj)eKTOB 3aMeT- 
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ho yivieHbiiiaeicH ncpo.i naMa-iOM cfjajOBOro riepexoaa [16 20|. I lo Hamcivn 
mhchhk), Jiywmee oObHCHCHHe aawr BbiBo.ibi paooTbi [20) o \iapleHcwrnovi 
THne npcBpameHHB cc[)a.iepHT-BK)pUHT. 

M3BeerHO, mo MapreHCHTHbiw nepexou othochtch k 6e3aw(})(})y3HOHHb(\i 
iipeBpameHHHM. KOiopbie HaHOoaec H3yMeHbi zuih cmiaBOB >Keae3a, nerHpoBaH- 
hoio ripHMecbK) yraepoaa. B 3thx cnaaBax yBejnmeHue coaep>KaHHH npHMecH 
mOvKct HanpaBjieHHO HCKa>Kaib peweTKy. C HaKonaeHHeM ae(j)OpMauHH MapTCH* 
CHTHbiH nepexoa npoHcxoanT b HeKOTOpOM HHTepBajie TeMnepaiyp co cko- 
pocTbio 3ByKa n He TpeGyeT TepMHaecKOH aKTHBan.Hn. 06pa30BaBmaHCH <})a3a 
HMeeT 6oaee HH3Kyrø CBoOoaHyK) 3Heprnio, oaHaKO ciaHOBHTCH HeycTOHqH- 

boh, ecnH npHMecb BbiaenHeTCH H3 MaTpuubi. ripnqHHOH TaKoro ripeBpame- 
hhh ZnS npw aerwpoBaHHH hjih OTKHOHeHHH ot cTexnoMeipHH hbjihkjtch Ha* 
npaBJieHHbie ae(})opMauHH b cipyKType cc[)anepHTa. Ilo HaKonaeHHH onpene- 
JieHHOH cieneHH ae(J)opMaiiHH MapieHCHTHbiH nepexoa, npoieKarøiuHH c 6ojib- 
ujoh cKopocTbio, npHBOflHT k o6pa30BaHHrø reKcaroHajibHbix dpyKTyp. 

riOMHMO aBVX OCHOBHblX KpHCTaJUlHqeCKHX MOj[],H(J)HKaUHH C(J)aaepHTa 
(s) h BiopuHTa (w), cynb(J)Ha UHHKa HMeei p hr nonHTHnHbix cJ)opM, OTJiHqaio- 
mwxcH nepHoaoM noBiopneMOcTH Baojib och [000 l] w hjth [111] 5 . CipyKTyp- 
Hbie pa3JiHHH« ero noaMTHnHbix ([)opM onpeaeJiHrøTCH TOJibKo aa/ibHHM nopna- 
kom, mo oGecneqHBaeT 6aH30cTb mx cbohctb. B HacTOHme^ BpeMH H3BecTHO 
okojio 150 nojTHTHnoB ZnS [21—33] , H3 KOTOpbix H3yqeHO Bcero 35. 

npw onncaHHM cipyKTypbi ZnS Ha ochobc npeacTaBjreHHH o naoTHeHmHx 
mapoBbix ynaKOBKax aiOMOB Ky6nqecKaH Moan({)HKauHH MO>xeT 6biTb npea- 
CTaBaeHa TpexcJioHHOH, a reKcaroHajibHan — aByxcJioimoH nocjienoBaienb- 
HOCTHMH [1] . riepnoa IlOBTOpHeMOCTH OTpa>KaeT CHMBOJIHK3 3C H 2//, ITpMHH- 
jslh cooTBeTCTBeHHo aJiH KyOHaecKOH (C) h reKcaroHajibHOH (H) pemeTOK. 
FlOJlHTHnHbie (})OpMbI XapaKTepH3yiOTCH OOJIblHMM nepHOHOM nOBTOpHeMOCTH: 
AH , 6H , SH h T.a. Hn3inMe noJiHTwnbi ZnS othochtch k reKcaroHajibHOH chh- 
roHHH. MHorocnoHHbie nocJieaoBaTeJibHOCTH mioTHoynaKOBaHHbix cnoeB b 
cTpyKTypax nojiHTunoB BKJirøqaioT onpeaejieHHoe <ihcho aByx- h TpexcnoH- 
HblX 3JieMeHTOB CTpyKTyp 2 H H 3C. B CBH3H C 3THM nOHHTHnbl MOryT 6bITb 
0xapaKiepH30BaHbi npoueHTOM reKcaroHajibHOCTH a, KOTOpbiH cociaBHT nnn 
2 H - 100%; AH - 50%; 6H - 33,3%; 8 H - 25%; 3C - 0% h T.a. 

IlOJlHTHnbl HBJIHIOTCH HepaBHOBeCHbIMH HHH npOMOKyTOWblMH CTpyKTyp- 
HblMH COCTOHHHHMH npH (J)a30BOM nepeXOae C(j)aJiepHT—BIOpUHT [31—35], IlpH 
3 tom, ecJiH c<})aJiepHT KaK HH3KOTeMnepaTypHan <J)a3a ciaøHJieH hhtkc 800°C, 
a BrøpUHT bo Bcefi BbicOKOTeMnepaiypHOH oOnacTn ero cymecTBOBaHHfl (1072— 
1820°C), TO OØJiaCTb OTHOCHTeJIbHOH yCTOHqHBOCTH nOJIHTHnOB npHXOHHTCH 
Ha npoMe>KyTOqHbie TeMnepaiypbi, TaK, 4//-cTpyKTypa HaSnrøaaeTCH b oGnacTH 
1030—1072° C npH HarpeBaHHH h b oOnacTH 1020-860° C npw oxJia>KAeHHH. 
CTpyKTypa 6 H ciaGnabHa npw 800—900°C [19, 33], CoxpaHHTb BbicoKOTeMne- 
paiypHbie mo .jhhcJjiik au.Hn ZnS npH oxJia>KaeHHH j\o KOMHaTHoii TeMnepaiypbi 
mo>kho b pe3ynbTaTe 3aKajiKH [19] b Tex cJiyqanx, Koraa ohh cTa6HHH3HpyioT- 
ch BBeaeHHeM b pemeTKy npHMecew hjih ae<J>eKTOB. BojibuiHHCTBo nojiHTHn- 
Hbix (])OpM ZnS nojiyqeHO h HccneaoBaHO Ha MOHOKpHCTaJinax, BbipameHHbix 
H3 ra30B0ii cj)a3bi, KOraa o6pa30BaHHe MHOrocnoHHbix CTpyKTyp onpeaeJineTcn 
HBIOKeHHeM BHHTOBblX aHCJTOKaiXHH [21 ,28-30]. 

Han6onee xapaKiepHWM tmiiom CTpy kT ypHbix aecJ>eKTOB ZnS hbjihiotch 
ouihGkh Hano>KeHHH cJioeB nnoTHefiiueH ynaKOBKH (111), hhh (0001) w . 
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y jyifl pajia coeAHHeiiHft, oxapaKTe- 
Pmc. 1.2. PaiJiHMHbie THnbi jie<J>eKTOB ynaKOBKH b c^ancpHTe 


Ho CpaBHeHHK) C ApyrHMH nOJiynpOBOftHHKOBblMH COeflHKeHHHMH 3HeprKH 
o6pa30BaHH« 3 thx ^c(J)eKTOB b ZnS yHMKaiibHO Mana — MeHbiue 6 mH>k/m 2 
(pHC. 1.1). 

Ilo npHHHTOH b cTpyKrypnon KpHcraJiJiorpacJiHH TepMHHOJiorHM [36] 6yneM 
HaabiBaTb oihhøkh b Hajio>fceHHH cjiocb jjecjjeKTaMH ynaKOBKH. B cipyKrype 
c<})ajiepHTa ae^eKTbi ynaKOBKH mo>kho paccMaTpHBaTb KaK HapyuienHe Tpex- 
cjiohhom nocJieaOBaiejibHOcrH b npeaenax HecKOJibKHx rmocKOCTen rniOTHen- 
iiich ynaKOBKH h 3aMeHy ee b oønacTH aecfceKTa ynaKOBKH Ha aByxanoHHyio 
reKcaroHajibHyio. Pa3JiHHHbie ramn n,e<J)eKTOB ynaKOBKH npencTaBJieHhi cxeMa- 
mh Ha pHc. 1.2. KaK bhaho h3 pncyHKa, Hapnay c KyØHHecKHM TpexcnoHHbiM 
3 T iCMeHTOM noBiopneMOCTH ABC, . . b nocJienoBaTenbHOcra npn HanHHHH ne(}>eK- 
iOB ynaKOBKH mo>kho BhmejiHTb reKcaroHajibHbie jiByxcJiOHHbie 3JieMeHTbi (bh* 
nejieabi b paMKax). BKJiaa reKcaroHajibHbix cJioeB b o6mee hhcjto hx onpeae- 
naei cTenenb reKcarOHajibHOCTH KyønqecKOH cxpyKTypbi, hjih KOHiieHTpauHio 
aecf)eKTOB ynaKOBKH. Ee mo>kho oxapaKiepK30BaTb npoueHTOM reKcaroHajib- 
HOCTH. 

Xlec{)eKTbi ynaKOBKH rana 6 h g KnaccHc^HUHpyroTCH b KpHCTanjiorpat{)HH 
[36] K r dK ^ecfjopMauHOHHbie, a THna a — jjBOHHHKOBbie. Ilo BKJiajiy npocnoeK 
c HByxcjioiiHOH reKcaroHajibHOii noaneflOBaTenbHOcibK) Te >Ke THnbi ne(J>eKTOB 
ynaKOBKH mo>kho oxapaKTepH30BaTb HHaqe: a - QjjHOcJiOHHbie, 6 - UByxcJTOH- 
Hbie, TpexcnoHHbie, e — jxbsl oahocjiohhwx. Ka>KAbin H3 hhx no-pa3HOMy 
jojmen BJiHHTb Ha cerperamno npHMecen m co3AaBaTb pa3JinqHoe no chmmct- 
pHH KpHCTanjiHMecKoe nojie bojih3h npHMecHOro aTOMa (ncwa). 

B AajibHeHineM, rosopa o KpHCTajuiax c nec^eKTaMH ynaKOBKH hjih nonnran- 
hhx (})opMax ZnS, Mbi oyjjeM noApa3yMeBaTb orcyiCTRHe nepHoun^Hocra b qe- 
pejioBaHHH CJioeB b nepBOM ciiyqae hjih ee Hann^Me bo BiopoM. lloHHTHe >Ke 
"cienenb reKcarOHajibHOCTH” othochtch b paBHon Mepe k oGohm cnyqaHM. 
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1.2. BMPAIUHBAHME KPHCTAJUIOB 


KoHrpy3HTHocTb njiEBJicHHK, BhJCOKafl ynpyrocTb napoB npouyKTOB uneco- 
UMauHH npw lioBbimeHHbix TeMnepaiypax, a TaiOKe cpaBHHTejibHo BbicoKan 
pacTBOpHMOdb cyjib(})Hua u.MHKa b iieperpeibix Borøbix pacTBopax b npncyT- 
ctbhh KOMnjieKCoo6pa30BaiejieH nosBonmoT Hcnojib30Ban> iiinpoKKH cneKTp 
MeTOAOB flJiH BbipamHsaHHH KpHCTaxuioB ZnS: H3 pacitnaBa, H3 ra30B0H (J)a3bi h, 
KaKOHeu, H3 Borøbix pacTBopOB npH noBbimeHHbix TeMnepaiypax h uaB.neHHHx. 
B JiHTepaiype onHcaHbi h 6 oJiee cneun^nnecKHe cnocoGbi KpHCTa/i/iH3auMH 
ZnS (b rejiax, H3 pacTBopoB b pacimaBax cojiew), ho ohh He nonymmu 3aMeT- 
hoi o pacnpocTpaHeHHH. 

BbipamHBaHHe KpHCTannoB ZnS H3 pacitnaBa. HocKoubKy ynpyrocib napoB 
npoAVKTOB nHccouHauHH ZnS npw TeMnepaiype unaBjieHHH npeBbiiuaeT ouHy 
aTMOC(J)epy, npaKTHneeKH HeB03Mo>KHo BbipaciHTb KpHCTanjibi H3 pacitnaBa 
npH aTMoc^epHOM uaBJieHHH. IIooTOMy KpHCTajunmiiHK) H3 pacnnaBa npoBo- 
non flaBjieHneM HHepTHoro raaa - oGbimho aproHa hjih (pe^ce) a 3 QTa. ycia- 
HOBKH npen,CTaBJIHK)T C 060 H TOJICTOCTeHHbie CiaJIbHLie cocynbl, BH>'TpH KOTO- 
pwx MGHTHpyrøTCH HarpeBaienbHbie 3jieMeHTbi. B tbkhx yciaHOBKax tcxhh- 
qecKH cuoxcho npHMeHHTb KuaccHHecKHH BapnaHT MCToua MoxpajibCKoro - 
HanGonee pacnpocipaHeHHoro cnoco 6 a BbipamHBaHHB kphctjjjjiob H 3 paciuiaBa 
h Ha npaKTHKe HcnoJib3yioTCH pa3nnqHbie BapuaHTbi MCToua bpnipKMeHa —Ctok- 
Gaprepa. fl>poHT KpHCTajuiH3auHH nepeMemaeTcn nvieM H3MeHCHHH moiuhqcth, 
nonaBaeMOH Ha HarpeBaxenb, npw 3 tom naoTepMa, cooTBeTCTByiomaH TeMiiepa- 
Type itnaBJieHHH cyjibttwua UHHKa, nepeMemaeicn CHH3y BBepx. B upyrnx sa~ 
pwaHTax nepeMemaioT rarenb b nocTOHHHOM TeiuioBOM no ne. 

BhiGop MaTepHanoB njm THrneH KpakHe orpannneH HJ- 3 a bbicokoh tømhc 
paiypbi ruiaBJieHHH cynbc^Hua UHHKa h ero xHMHnecKOH arpeccHBHociH npH 3 thx 
T eMnepaiypax. lIocjieuHee uenaeT HeBC 3 Mo>KHbiM, b nacTHocTH, wcnonb 30 BaHHe 
iMmeft H3 TyronnaBKHx okchuob. Ha npaKTHKe Mcnojib3yK>Tca THrjiH H3 rpa 4 >H» 
Ka BbicoKOH CTeneHH nHCTOTbi. n P H bmcokhx TeMnepaiypax B 03 Mo>KHbi peaK- 
uhh BocciaHOBJieHHH cyjib(J)Hfla UHHKa yrnepouoM: 

ZnS + Vz C -^Zn (r) + % CS 2 (r) , (1.5) 

ZnS + C Zn( r ) + CS( r ). (1.6) 

KaK noKa3anH pacneTbi [37], 3th peaKUHH npaKTHnecKH noJiHocTbio nouaB- 
jihk)tch npH uaBJieHHHx aproHa Gonee 100 aTM. He nponcxouHT npn TeMnepa- 
Type nnaBjieHHH ZnS h B3aHMoueHCTBHH rpa(j)HTa c cepon - npouyKTOM Tep- 
MHnecKOH uHccouHauHH cyj7b(J)Hua [38]. B to >xe BpeMH cneubi KHcnopoua, npn- 
cyTCTByromHe jih6o b hcxouhom Maiepnane ZnS, jihGo b ra30B0H aTMOc<j>epe, 
B3aHMoueHCTByH c rpa<j)HTOM, MoryT npHBecTH k 3arpH3HeHHio BbipauiHBae- 
Mbix KpncTajuioB Hapnuy c ZnO OKCHuaMM yrnepoua (CO, C0 2 , C 3 0 2 ). 

PeaKUHH (1.5) h (1.6) BocciaHOBJieHHH cyjib^JHua UHHKa yrjiepouoMB 3Ha- 
qHTenbHOH CTeneHH onpeuejinioT hh>khhh npeuen uaBJieHHH HHepTHoro ra3a 
npH KpHCTaiuiH3auHH. Xoth Gbmo noKa3aHo, mo 50 aTM ra30Boro uaBJieHHH 
UOCTaTonHo, moøbi nonynHTb cyjibcJ)HU UHHKa H3 pacnnaBa [39], b GonbiiiHH- 
CTBe paOoT uaBneHHe HHepTHoro ra3a cociaBJiHJio 100—200 aTM. 

Pa3pa6oTaHHbie MeTOUHKH [39—45] no3BOJiHK)T BbipauiHBaTb KpHcxanjibi 
ZnS b BHue 6ynb unaMeTpoM 30—40 mm h ujihhoh uo 100 mm. KpHCTajuibi 
jih6o GecuBeTHbi (npH BanoBOM couepxcaHHH npHMecen b hhx < 10 -4 %),jih6o 
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cjierKa oKpameHbi b øypoBaTbie mjih 3eJieHOBaTbie TOHa. nriaBHbiMH npHMecn- 
MM HBJIHIOTCfl MCAb H >Kejie30. HapHAy C HMMM oGbHHO of)Hapy>KHBaK)TCH Al, 
Si, Ca, Mg h p ha flpyrux 3JieMeHTOB. CornacHo [42, 46], KoacJxJmiMeHT pac- 
npeAejieHHH npHMeceii Ti, Co, Cr, Mn, Fe, Ni, Pb, Sn, Al 6 jih3ok k eAHHHue 
h, cneAOBaiejibHo, b npouecce KpHCTajuiH3auHH He nponcxoAHT hx 3aMCTHoro 
nepepacnpe^eneHHfl. C Apyrofi CTopoHbi, b [41] noflHepKHBaeTCH, mto npw 
HanpaBJieHHOH KpHCTajuin3amiH ZnS M3 pacruiaBa 4acTHMHo oTTecHmoTcn npw- 
MecH Cu, Mg, Al, Ca, Fe b BepxHioK) 30Hy KpMCTajuia. FlocjienHHH npw 3 tom 
npHo6peiaeT omeTjiHByio HepaBHOMepHOdfc b oKpacKe. Bo3mo>kho, mto pac- 
XO>KAeHMe MOKAy pe3ynfcTaTaMH 3THX paØOT CBH3aH0 C pa3JIH4HbIMH CKopoc- 
THMM pOCTa KpHCTaJlJIOB. 

B cipyKTypHOM oTHomeHHM KpHCTajiJibi ZnS, BbipauxeHHbie H3 paciuiaBa, 
KaK npaBMJio, HeoflHoponHbi. Ohm hmciot 6 oJibuioe kojihhcctbo Ae<})eKTOB yna- 
kobkh h Aa>Ke npocjiOMKH reKcaroHanbHow 4 >a3bI B KyGn^ecKOH Maipnue. 
IIpH 3 tom 6 bicTpoe oxjia>KfleHHe o6pa3uoB, HaMHHaa ot TeMnepaiypbi Bbiuie 
cJ)a30Boro nepexofla, cnocoOciByeT CTa6HJiH3auHH BbicoKOTeMnepaiypHOM 
reKcaroHajibHOH MoAH<})HKauHH, b to BpeMH KaK MeAJieHHoe - yBexiHHHBaeT 
AOJiio Ky6HMecKOH (|>a3bi. Odkht KpHCTajuioB npw TeMnepaiypax 800 °C TaK>Ke 
CHM^aeT npoueHT reKcaroHaJibHocTH b hhx [42], oAHaKo aHajionrøHaH o6pa- 
6 oTKa KpHCTajina npn TeMnepaiypax 900-1000 °C (6 jih3khx k TeMnepaiype 
4>a30Boro nepexoAa) yace He 0Ka3biBaei 3aMeTHoro bjihhhhh Ha hx CTpyK- 

iypy [41]. 

BbipauiHBaHHe KpHCTajuioB ZnSH3 ra30BOft <|>a3bi. JXiih noJiyMeHHH KpH- 
cthjuiob ZnS H3 ra30Boii <]>a3bi Hcnojib3yioTCH KaK mctoam <})H3 HHecKOH koh- 
AeHcaAHH [47-52], TaK h MeTOAbi XHMiwecKoro rpaHcnopia [53—56]. B oc- 
HOBe nepBbix jiokht BbicoKan ynpyrodb napa npoAyKTOB AHCCOAHaAHH ZnS 
npH noBbimeHHbix TeMnepaiypax h AOCTaTo^o pe3K0 BbipaHcemiaH ee TCMne- 
paiypHan 3aBHCHM0CTb. llponecc ocymecTBJiHeTCH b oTKanaHHOH KBapueBOH 
aMnyne jih6o b aiMOC^epe HHepTHoro ra3a (aproH, a30T, rejiHti) npH aTMO- 
ccjjepHOM A&BJieHHH. B HaHøoJiee npocTOM BapHame aMnyjia HaxoAHTCH b ne^H 
c TeMnepaiypHbiM rpaAneHTOM h BemecTBO nepeHocHTcn H3 6onee ropn^eft 
30Hbi b 6 onee xoJioAHyio. Ilpouecc mo>kct peryjiHpoBaTbcn AaBJieHHeM ra3a 
b aMiiyne hjih bcjihhhhoh rpaAHeHTa TeMnepaiypbi BAOJib Hee. B Apyrnx Ba- 
pHamax aMnyjia nepeMemaeicn b neqH c no ct oHHHbi m TeMnepaiypHbiM noneM. 

MHHHMajibHan TeMnepaTypa KpHCTajuiH3auHH ZnS cocTaBJiaeT 1000 °C 
[47-50] (b aTMoc^epe CO npn AaBJieHHH ~~ 10" 3 aTM), a MaKCHMajibHan — 
1600°C. Bonee HH3KHe TeMnepaiypbi KpHCTajuiH3auHH peajiH3yioTCH b Meio- 
Aax xHMHHecKoro TpaHcnopTa [53—56]. McnoJib3yn b KanecTBe TpaHcnopTH- 
pyrømero arema I 2 , PyMHHueB [55] Bbipacran KpHCTanjibi ZnS npH TeMnepa- 
Type oKono 770 °C. B npHcyTCTBHH NH 4 C1 hjih b aTMoc<j)epe BOAopoAa aah 
poda KpHCTajuioB TpeOyrøTCH HecKOJibKo 6onee BbicoKHe TeMnepaiypbi. Oa- 
HaKo b nocneAHeM cjiynae HapHAy c xhmhhcckhm TpaHcnopTOM 3aMeTHbiH 
BKJiaA, bo3mo)kho, bhochtch h npoueccoM nepecyGjiHMauHH. 

B Ta6ji. 1.2 cBeAeHbi pe3ynbiaTbi pHAa aBTopoB no KpHCTajuiH3auHH cyjib- 
4>HAa UHHKa H3 ra30Boii (})a3bi. 3ia TaøjiHua HarjiHAHO noKa3biBaeT, mo tcm- 
nepaiypHbiH HHTepBan KpHCTanjiH3auHH AOBOJibHo umpoK h npouecc Mo>KeT 
hath KaK Bbirne, TaK h 3aMemo HioKe TeMnepaiypbi <])a30Boro nepexoAa c4>a- 
nepHT ^ biopuht. npH 3tom dpyKTypa KpHCTajuioB cymecTBeHHo pa3jiHHHa. 
KpHCTanjibi, BbipameHHbie npn TeMnepaiypax Bbirne hjih b6jih3h TeMnepaiypbi 
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TaOsiutia 1.2. ycJioBHH BbipamHBaHHH KpHCT&njioB ZnS H3 ra30B0H 4)a3bi h hx HeKOTo- 
pbie xapaKTepHCTHKH 


TeMnepaTypa 
KpHCTaJIJIH 3 a- 
UHH, ° C 

r a 30 Ban 
cpezja 

P , aTM 

900 

h 2 

1 

1150 

Ar, N 2 

Ne, H 2 S 

1 

1100 

h 2 s 

1 

770 

4 


830-900 

h 


950-1070 

NH„C1 


1500 

Ai 

1 

945-920 

1600 

Ar 

i 

< 1000 

CO 

10 -’ 


CrpyKTypa OcHOBHbie JlHTepaTypa 
npwMecH 


S 

O 

[53] 

s, w 

Cu, Mg, Fe 

Si < 10' 4 %, 

B < 10 ? % 

[47] 

s, nojiHTHnbJ 

Cu, Mg, 

Si < 10" 3 %, 

Ag < 10' 4 % 

[27] 

s 

I 

[55] 

s 

1 

[54] 

s, w 

C1 

[54] 

w 

Ni, Mg, Fe, 

Cu 

[49] 

w + s 


[561 

w + s 

- 

[50] 

s , nojnrrnribi 

- 

[50] 


d>a30Boro nepexofla, HeoflHopoflHbi no CTpyKType, coflepacaT Gojibinoe kojih- 
qecTBO aecJ)eKTOB ynaKoBKH jih6o MaKponpocnoHKH reKcaroHanbHOH moah- 
(J)HKaUHH B KyGHMeCKOH MaTpHUe. n P H HCCneflOBaHHM KpHCTajIJIOB B CKpe- 
meHHbix noBHpH3aiopax 3To BbiHBJineTCH b xapaKTepHOH nonocMaiocTM. IIo 
CTpyKType TaKne KpHCTajuibi qaCTO 6jih3kh k KpHCTajuiaM, BbipameHHbiM H3 
paciuiaBa. CHH>KeHHe TeMnepaTypbi KpHCTajuiH3auHH jxo 770-880 °C no3Bo- 
jineT noJiyqHTb, no cooSmeHHio aBTopoB [53—55], Gojiee oflHopoflHbie no 
CTpyKType KpHCTajuibi KySHHecKOH moahcJjhk 2 lu.hh , He CBo6oflHbie, oflHaKo, 
ot ABOHHHKOBaHHH. HaniHflHo BJiHHHHe TeMnepaTypbi Ha CTpyKTypHoe coBep- 
meHCTBo KpHCTajinoB ZnS, BbipameHHbix H3 ra30BOH (})a3bi, mo>kho npofleMOH- 
CTpupoBaTb Ha npHMepe onbiTOB JleHflBeH [54] (cm. TaøjiHuy 1.2) : b flHana3o- 
He 830—900° C aBTop <])HKCHpoBaji KpHCTajuirøauHio c<})ajiepHTa, npH TeMne- 
paType ~950°C hm ycTaHOBJieHbifle<})eKTbi ynaKOBKH b KpHCTajuiax c npeo6- 
jiaflarømen KyøHMecKOH MaTpHixen, a npH ~ 1070 °C yx<e KpHCTajuiH30BajiCH 
BrøpUHT. CnenyeT, OflHaKO, HMeTb B BHfly, 4T0 Ha 3TH HBJieHHH CHJlbHOe BJiHH¬ 
HHe MoryT 0Ka3biBaTb npHMecn TpaHcnoprapyiomHX areHTOB, HeH36e>KH0 npw- 
cyTCTByiomHe b KpHCTajuiax, noJiynaeMbix MeToflaMH XHMirøecKHx TpaHcnopT- 
Hbix peaKUHH. TaK, KynaKOB [57] noKa3aji, hto npn TpaHcnopTe b hoakahoh 
cpefle KOHueHTpauHH Hofla b KpHCTajuiax MoaceT jjocTHraTb 6onee 0,6 moji.% 
npn conyTCTByiomeM jierHpoBaHHH KpHCTajuioB KHcnopoflOM. AHanorHMHbie 
npoueccbi MoryT HMeTb MecTO h b flpyrnx cpeflax (HanpHMep, NH 4 C1). Hh- 

TeHCHBHOCTb HX 3aBHCHT OT TeMnepaTypbi, CKOpOCTH pOCTa KpHCTajIJIOB H T. fl., 
COOTBeTCTBeHHO HX B03fleHCTBHe Ha CTpyKTypy KpHCTajIJIOB 6yfleT npOHBJIHTb- 
CH pa3JIHMHbIM o6pa3QM. 
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B u,ojiom cjieuyei oxMe xnxb, mo H3 ia30Bon (]>u u>i mo>kho noJiyMHXb 5o/iee 
coBepmeHHbie b cxpyKxypHOM orHomeHHH KpHcia.Lihi, mcm M3 pacruiaBa. IIpn 
3XGM 60 JI&LLIHM COBCpiUeHCTBOM CXpyKTypbl IlpH IipoMItX paHHMX yCJlOBHMX 06 - 
jiaAaiox KpHcxajuibi MeHbuinx pa3MepoB. 

BjiHHHHe npHMeceii Ha CTpyKTypHoe coBepmenciito Kpncia.ijio» cyjibcJjMaa 
UHHKa, BbipameHHbix H3 pacariaBa h ra30Bow ((kum, npo>i»mie ich iiiMbiM cy- 
mecxBeHHbiM o6pa30M [17,58—61] h onpencjiHcicH mnoM nphmcch. 

npH BbipamHBaHHH KpHCxaJinoB H3 paciuiaBa jKiimamiH hcxo:uioh ihhx- 
Tbi H03Hp0BaHHbiM KOJiHMecxBOM npHMeccH lIOJHOJIHe I iiaiipaBHcmio Iipocne- 
AHTb HX BJTHHHHe Ha CXpyKTypy KpHCXajIJIOB. BbIHCHHJIOCb, 'IIO AOHOpHbIC npn- 
MecH (Al, B, In, Ga) yBejiHHHBaioi KOHuernpaumo ;*ei]>eMOB ynaKOBKH b Kpn- 
ciajuiax h CTa6HJiH3HpyrøT BrøpuHXHyK) Mo;i.H(])HKauHK) ZnS. AKuenropiibie 
npHMecw (Cu + , Ag + ) npHBounx k oOpaxHoMy '.wfxpeKTy, exaOHiiHJHpyfl Ky6n- 
HecKyro moh,h(])hk auHio. IlpHMecH aeyxBajicHTiibix MexajmoB ueMCXByrox pa3- 
jihmho: ecxiH hx BBen,eHHe yBejiHMHBaei crenenb hohhocih cbh3ch (Mg, Cd, 
Hg, Fe, Co, Ni), cxa6HJiH3HpyexcH rcKcaroHajibHaH Mo/røfjHKaiiHH; b CJiyqae 
B03pacTaHHH cxeneHH KOBaJieHTHocxH cbhjh (Be) iipowcxo/nn era6HiiH3auMH 
KyøiwecKOH MOHH<J)HKauHH. K aHajiorwMHoMy 3(})(t)eKrv upnBonHx npnMecH 

Se, Te. ComacHo [61], 3(]><i>eKXbi cxaOnjmjaiuiM ioii hjih hhom Mo;iH<])HKauHH 
ZnS aaMexHo HaMHHaiGT npoHBJiHXbca npii cohcp>kuhhh npHMecen He MeHee 
]0" 2 - 1CT 1 3T.%. 

BbipamHBaHHe KpHCTaJuioB ZnS H3 pacTBopa b pacnnase h b rejxax. 3m Me- 
xonbi no cpaBHeKHK) c onncaHHbiMH Bbiwe no 3 BOJiflK)x BbipaujHBaxb KpHcxajuibi 
ZnS npH Gonee HH3KHX xeMnepaxypax h xeM caMbiM ;vuot iipHHUMiiHajibHyio 
B03M05KH0CTb nonyqaxb 6onee coBepmeHHbie b cxpyKxypHOM othohichhh 
KyøHMecKHe KpHcxajuibi cyjib<[>Hna uhhkh. TeM He MeHee 3xh Mexo/ibi He noJiy- 
hhjih uiHpoKoro pacnpocxpaHeHHH. FIoribixKH HCiionb30BaHHH b KaqecxBe nnaB- 
hb nerKonnaBKHx MeiannoB Bi, Sn, Pb [62] iioKa3anH, mo pacxBopHMocxb 
ZnS b hhx BnnoTb ao BbicoKHX xeMnepaxyp ocxaexcH hh3koh (^ 1,57 npH 
1100 °C), noaTOMy ckopoctm pocxa KpHcxajmoB h hx pa3Mepbi oqeHb Ma;ibi. 
KaMecxBO KpHcxajuiOB xaK)Ke HeynoBJiexBopHxejibHo M3-3a hhxchchbhoio 3a- 
XBaxa BKjnoqeHHH pacxBopnxejrH (Mexaiuia) h cneuncjDHqecKOH hchuphxhoh 
KpHCTdJinmaixmi. nocaeAHee o6ycnoBjieHo bmcokoh bh3kocxmo pacmiaBOB. 

JlyquiHe pe3ynbxaxw 6binH aocxHrHyxbi npH HCrioab30BaHHH b KanecxBC 
nnaBHeH pacnaaBOB coneii. 4epHbimeB [63] Hcnonb30Baji MoHocyjib(})Ha onoBa 
h MexoaoM oxaa>KaeHHH co CKopocxbK) ~ 15 °C/h nojiyMHJi nnacxHHMaxbie Kpw- 
cxannbi ZnS pa3MepoM ao 5 X 3 X 0,2 mm. HecMOxpn Ha xo mo HaqanbHaH xeM- 
nepaxypa KpHCTajuiH3aiiHH 6buia paBna 1050 °C (paciBopuMocib ZnS npH axon 
xeMnepaxype aocxHraaa ~~ 8%), noJiyqeHHbie KpHcxajuibi onxnqecKH Omjih ao- 
cxaxoHHo ozmopoaHbi. Coaep>KaHHe npHMecH onoBa b hhx He npeBbiuiajio 
6 • 10" 3 aT.%. 

Ilo-BHaHMOMy, HaHJiyqiHHe pe3ynbxaxbi ObiJiH noJiyqeHbi npn Hcnonb30BaHHH 
b KaqecTBe nnaBHeH pacnaaBOB ranoreHHaoB MexannoB [64—68]. Hncxop [68] 
BbipacxHJi KpHcxajuibi ZnS pa3MepoM 5-8 mm H3 pacTBopa b pacnnaBe PbCl 2 
npn ~575 °C. B KpHexanaax He o6Hapy>KeHo aBynpeaoMaeHHH, qxo noaqepKH- 
Baex hx BbicoKoe cipyKxypHoe coBepuieHcxBo. PeHxreHorpaMMbi xaK>xe noa- 
TBepaHJiH coBepuieHHyK) Ky6nqecKyio pemexKy. 

KpHCxajuiH3auHH cc[)ajiepHTa b rennx onHcaHa b [69]. Mciioab3oBaHa cxaH- 
aapxHan MexoaHKa MeaaeHHOH HH(jx])y3HH b renb hohob uhhk3 h cepbi h hx 
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Phc. 1.3. CxeMa aBTOKjiaB a ojih BbipamHBaHHK 
MOHoKpHCTannoB ZnS b rHApoTepMajibHtix 
yCJlOBHBX 

1 — aBTOKjiaB; 2 — bhcuihhh TennoHSOJiK- 
UHh; 3 — HByxceKUHOHHSH oSmotka new; 4 - 
3 aTpaBKn; 5 — TepMonapbi; 6 — umxTa; 7 - 
neperopoftKa c otbcpcthhmh 

B3aHM0HeHCTBHH B C)6beMe rejTH CHJIMKa- 
Ta HaTpHH. rioCTaBIUHKaMH IXHHKa CJiyXCH- 

jih ZnCl 2 , ZnBr 2 , nociaBmHKaMH cepw - 
opraHHnecKHe cepocoAep>KainHe coerøHe- 
hhh (THoaueTaMMA, THypeH, Tnoy k cvCHan 
KHCJioia). n P H KOMHaTHofi TeMnepaiype 
b TeqeHHe ~ 2 Mec. BbipaciaJiH KpucTamibi 
ZnS pa 3 MepoM 3—4 mm. KpHCTajiJibi oo- 
jianajiH bbicokom cieneHbio coBepmeHCT- 
Ba: iunoTHocTb AHcnoKauHH He npeBbimajia 
10 2 cm* 2 , ABynpeJiOMJieHHe He oøHapy- 
>KHBaJTOCb. C>meCTBeHHbIM HeflOCTaTKOM 

MeTOAa HBJiHeTCH KpaHHe HH3Kan cko- 
pocTb poda, noaTOMy npaKTHHecKoro 
3HaMeHHH mctoa He nonytnui. 

BbipaiHHBaHHe KpHCTajmoB ZnS H3 ne- 
perpeTbix boahmx pacTBopoB (n*apoTep- 
MajibHbiil mctoa) • M3-3a KpaHHe MaJion 
paCTBOp HMOCTH CyJTb4)HAa UHHKa 
B BOAe BblpaiAHBaHHe KpHCTaJIJIOB H3 BOAHblX paCTBOpOB B03MOHCHO TOJlbKO 
npH noBbimeHHbix TeMnepaiypax k b npHcyTCTBHH MHHepajiHsaTopoB. Han6o- 
jree pacnpocrpaHeHHaH cxeMa 3KcnepwMeHTa noKa3aHa Ha pnc. 1.3. B hhxchch 
30He CTajibHoro aBTOKJiaBa, <J>yTepoBaHHoro HHepTHbiM MaTepHanoM (ruia- 
thhoh, THTaHOM hjth cepeåpoM), noMemaeTCH HcxoAHoe BemecTBo, a b Bepx- 
nen noABeniHBaioTCH 3aTpaBoMHbie KpHCTajuiMKH. flonepeMHan neperopoAKa 
c oTBepcTHHMH, pa3AejiHioiuaH 30Hbi pacTBopeHHH h pocia, npeAHa3HaneHa a jih 
peryjIHpOBaHHH CKOpOCTH KOHBeKUHH paCTBOpa. MeXCAy 30H3MH C03AaeTCH 
pa3H0CTb TeMnepaiyp (hhxchhh nacTb aBTOKjiaB a HarpeBaexcn cHJibHee). B hhxc- 
Hew nacTH hcxoahoc BemecTBo pacTBopneTCH h pacTBop HacbimaeTcn. IIoa- 
HHMancb b BepxHioK) 30Hy, oh oxjraxcAaeTCH, daHOBHTCH nepecwmeHHbiM, h 
H36bnoK BemecTBa ocaxcAaeTCH jihøo Ha 3aipaBOHHOM KpHCTanjjHKe, jth6o Ha 
cieHKax aBTOKnaBa (cnoHTaHHan KpHCTajuiH3auHH), OGeAHeHHbTH h oxnaxc- 
AeHHbiw pacTBop BHOBb onycKaeTCH, h npouecc noBTopneTCH. 

HecMOTpa Ha KaacymyiocH npocToiy, rHApoiepMajibHbiH MeTOA c (J>h3hko- 
XHMHMeCKOH TOHKH 3peHHH HBJiHeTCH OAHHM H3 HaHØOJiee CJICOKHMX. UpOljeCC 
npoieKaeT b tohkc MHHHMyMa tpohhoh CHCTeMbi cynb(})HA UHHKa—BOAa-MHHe- 
pajiH3aTop, h 3to npeAonpeAejiHei GoJibmoe pa3Hoo6pa3He bosmokhwx xhmh- 
qecKHx npoueccoB, KOTopwe MoryT npenHTCTBOBaTb KpHCTajuiH3auHH ZnS. 
ripexcAe Bcero 3to peaKUHH rHAponH3a cynb<}>Hfla, oKHCJiHTenbHo-BoccTaHo- 
BHTejibHbie npoueccbi h t. a. 

06mne 3aK0H0MepH0CTH noBeAeHHH cynb<i>HAa UHHKa b boahwx pacTBopax 
yAo6«o npoHJTJiiocrpHpoBaTb Ha ocHOBe AHarpaMM Eh— pH [70] . 3th AnarpaM- 
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Mbi no3BOJiHK)T QflHOBpeMeHHO yqecTb ocHOBHbie napaMeTpw: TCMnepaiypy, 

mejio4Hocib cpeftbi pH, oKHCJiHTejibHo-BOCCTaHOBHTejibHMH noieHUMaji Eh, 

aKIHBHOCTH KOMHOHCHTOB - H TCM C3MbIM flaiOT HCMepiIMBaiOIUyiO KapTHHy 
OCHOBHblX XKMHMeCKHX B3aHMOAeHCTBHH B H3yMaeMOH CHCTeMe. 

Ha pHc. 1.4 npeACiaBJieHbi AHarpaMMbi Eh— pH cHdeMbi Zn—S— H 2 0 npn 
300 h 25 °C. B xa6ji. 1.3 npHBej^eHbi ypaBHeHHH peaKUHH, KOTopbie Moryx 
npoTCKaib b 3toh CHCTeMe. M 3 puc. 1.4, a h 1.4,6 bhaho, mto npw o6eHx tcm- 
nepaiypax cymecTByei rnnpoKoe noJie ycTOHMHBociM ZnS, npocTHpaiomeecH 
Ha BCK) OØJiaCTb pH. H3 3TOrO BbITeKaeT, MTO WW BhipaiHHBaHHH KpHCTajIJIOB 
cyiib(})Mna iiHHKa npHHUHiiHaJibHo bo3MO>kho HcnoJihaoBaTb uihpokhh Kpyr 
pacTBopniejieH — oi KpawHe khcjimx ao Kpatoe mejioMHbix. 

OAHaKo b oKHCJiHTejibHOH cpeAe ZnS MO>Kei rwApojiH30BaTbCH c ozmoBpe- 
MeHHMM OKHCJieHHeM cyrib4)HAa ao cyjib<J>aTa. npw bmcokoh aKTHBHOCTH 
b paciBope cynb(J)aT-HOHOB hjih b khcjimx pacTBopax 3 to mo^cct npnBecTH k 
B binaACHHio cyjib<j)aTa UHHKa. B 6ojiee mejioMHbix ycJiOBHnx (pH >3,8) npo- 
AyKTOM rHApOJ!H3a HBJIHeTCH OK CHA UHHKa. 

3KcnepHMeHTanbHbie HCCJieAOBaHHH noATBepxcAarøT B03M0>KH0CTb wcnoub' 
30BaHHH UiHpOKOrO Kpyra MHHCpajlH3aTOpOB AJTH BbipatUHBBHHH KpHCTannOB 
cyjib(J)HAa UHHKa. IlocjieAHee 6bmo peajrH3oBano b khcjimx pacTBopax (H 3 P0 4 ) 
[71] , b pacTBopax xjiophaob mejioHHbix MeTajuioB h aMMogrø [72, 73], b me- 
jiomhmx cpeuax (KOH, NaOH, CsOH) [73-75]. 3KcnepHMeHm noKaaanH, 
mo npH KpHCTajiAH3auHH ZnS b khcjimx cpeuax b aBTOKjiaBe co3AarøTCH boc- 
CTaHOBHTeJibHbie ycjioBHH (BbiAejineTCH cepoBOAopou, $HKCHpyeMbiH no 
3anaxy). B mejioMHbix ycjioBHHx cyjib4)HA UHHKa MacTHMKo ruApojiH3yeTCR, 
ho 3tot npouecc b pacTBopax NaOH, KOH npn T> 300 °C npoieKaeT cjia6o 
h npaKTxwecKH He Meinaei KpHdajuiH3auHH cyJib(]>HAa. 

OGbIMHO rHApOTepMajIbHblM MeTOAOM KpHCTajUIM BblpamHBaiOT B yCJIO- 
bhhx, Korua pacTBopHMocib BemecTBa jiokht b npeAejiax 1,5—4,5% h hhkbk 
H e MeHbiue 0,5%. TaKHe BejiHMHHbi pacTBopHMocTH ZnS AocmraioTCH b 30- 
50%-Hbix pacTBopax H 3 P0 4 npn T> 400 °C [76] hjih b 30--40%^hmx paciBo- 
pax KOH npn T > 350 °C [74]. B to »e BpeMH b pacTBopax KOH c KoHuen- 
rpauneH Oojiee 60% (npn 300 °C) h 45% (npn 400 °C) 3acJ)HKCHpoBaHo o6pa- 
loBaHHe cno)KHoro KajiHH-uHHKOBoro cyjibt}>HAa K 2 Zn 3 S 4 [77], 3 to oGctoh- 

TeJIbCTBO ecieCTBeHHMM o6pa30M OrpaHHHHBaeT B03M05KH0CTH HCn0Jlb30BaHHH 
CHJIbHO KOHUeHTpHpOBaHHblX paCTBOpOB meJIOMeH W1H BbipamHBaHHH KpHCTaJI- 
jiob cynb4>HAa UHHKa. 

BaMCHo eme oaho o6cTOHTejibCTBo. Ckott h BapHc [78] noKa3ajiH, mto b 
CHCT eMe ZnS—NaOH—H 2 0 reKcaroHajibHbiH ZnS o6pa3yeTca npn xeMnepaTy- 
pax Ha 300—400 0 C HMxæ TeMnepaTypbi (J)a30Boro nepexoAa 3C 2H ZnS. 
06T>HCHeHHa 3TOMy Mbi noKa He HMeeM, EcTeciBeHHo, BbipaiUHBaHHe ctfcajie- 
pHia b THApoTepMajibHbix mejioMHbix pacTBopax bo3mo>kho jiHirn» npH TeMne- 
paiypax HHXce 3 toto nepexoAa. 

no AaHHMM [41, 70—75], Hanåojiee BbicoKne ckopocth pocia (0,1- 
0,4 MM/cyi) KpHCTajuiOB ZnS aoctht Hy tm b pacTBopax H3PO4 h KOH. OTMe- 
thm TaKxce, mto xoth b pacTBopax KOH KpHCTaJiJibi ZnS pacTyT ObicTpee, MeM 
b pacTBopax CsOH, b nocjieAHHx ohh 6oJiee coBepmeHHbi b Mop4>oJiorHHecKoM 
h cTpyKTypHOM oTHoineHHH. HanSonee bmcokhc 3mnemH CKopocTefi pocia b 
menoMHbix cpeAax ycTaHOBneHbi aah rpaHen (110) h (111). FkmoMy bo Bcex 
cjiyqaHx 3axpaBKH opHeHTHpyrøxcH tekhm o6pa30M, mto6m KpHCxajuihi b oc- 
hobhom pocuH b HanpaBJieHHHX < 111) h < 110>. * 7 
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rHApoTepManbHhie KpHCTajuihi ZnS xapaKTepM3yiOTCH BbicoicoynopHÆo^eH- 
hom Ky6iwecKOH crpyKTypow: KOHueHTpauHH ae^eKTOB ynaKOBKH b o6pa3- 
uax, noJiynaeMbix b menoHHbix ycnoBMHX, He npeBbimaeT ~~ 1 %, a b khcjibix 
eme Hjrøce. OxmaKo bo Bcex rHflpoTepManbHbix KpHCTajmax cyjib<})HAa uHHKa 
npHCyTCTByeT npHMeCb KHCJlOpOjja, KOHljeHTpaUHH KOTOpOH 3aBMCHT OT yCJIO' 
BHH KpHCTajUlH3aUHH. 
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Pa3JlHHHbie $H3HK0-XHMH<ieCKHe ycJIOBHH poCTa KpMCTaJlJIOB B KHCJIblX H 
b menoMHbix cpe/jax (b nepBbix, KaK orMenajiocb Bbime, co3naioTCH 6onee 
BoccTaHOBHTejibHbie ycjroBHHj no3TOMy pocT KpMCTajuia npoTeKaeT b ycjioBHHX 
nOBbimeHHOH KOHUeHTpaUHH CyJIb(j)HAHOH cepbl) npOHBJIHIOTCH B HX 4>M3HMe- 
ckhx xapaKTepHCTHKax. TaK,conpoTHBjieHMe KpucTajuioB ZnS, BbipameHHbix 
b mejioMHbix pacTBopax, no HaniMM oueHKaM, cocTaBjineT ^ 10 1 2 Om ■ cm, a b 
pacTBopax 4 >oc(})ophoh KHCJioxbi - I0 9 tO 10 Om • cm, t. e. Ha 2—3 noprøKa 
HHXæ. OOTOnpOBOAHMOCTb KpMCTaJlJIOB ZnS H3MCHHeTCH B o6paTHOM no- 
pnAKe. 

Ha OCHOBaHHH 3THX (jjHKTOB M(»KHO TOBOpKTb, MTO HaHØOJiee 6iIH3KHe K 
CTeXHOMeTpHH KpHCTajUTbl ZnS o6pa3>TOTCH B OKHCJlHTeJlbHOH OØCTaHOBKe. 


1.3. COBCTBEHHblE TOMEHHblE AEttEKTbl 

Cynb(J)HA UHHKa — floCTaiowo cjiowhlih o6beKT HccjienoBaHHH 6jiaroaapH 
OCOØeHHOCTHM KpHCTaJIJIHHeCKOH CTpyKTypbl, pa3HOo6pa3HK) CTpyKTypHblX 
Ae(f)eKTOB, SoraTOMy cneKTpy TOHeuHhix ue^eKTOB, mo npHBOAHT k npoTH- 
BopeHHBbiM pe3ynbraiaM. IIo3TOMy ao HacToniuero BpeMCHH HeT qencoro no- 
HHMaHHH, KaKHe Tnnbi To^eHHhix AecfreKroB npeoGnanaioT b cyjib(J)HAe uhhkh 
B 3aBHCHMOCTH OT yCJIOBHH ero npHrOTOBJieHHH. He BblHBJieHbl H KOJlHHeCTBeH- 
Hbie COOTHOIlieHHH MOKAy pa3J!HUHbIMH THnaMH Ae(J)eKTOB, KOTOpbie n 03 B 0 JIH- 
JIH yCTaHOBHTb 3aBHCHMOCTb OnTHMeCKHX CBOHCTB OT KOHUeHTpaUHH H BHAa 
Ae<J)eKTOB. 

PaccMOTpHM 3KcnepHMeHTajibHbie AaHHbie, oOHapyjKHBarømHe npwcyTCTBHe 
B CyJlb(J)HAe UHHKa COåCTBeHHblX TOHeHHblX Ae<t>eKTOB H yCTaHaBJTHBaiOIAHe 
THnHHHOCTb Toro hjih hhoto BHAa Aec^eKTOB aah 3TOTO MaTepnana. 

flo HeAaBHero BpeMeHH BaKaHCHH cepbi OTo>KAecTBJiHJiHCb c noByniKaMH 
(— 0,2—0,37 3B), B03HHKaiouxHMH b cyjib<})HAe UHHKa npn TepMOo 6 pa 6 oTKe 
b napax uhhkb h BbiHBJineMbiMH npn HCCJieAOBaHHHx TepMOBhicBeHHBaHHH, 
TepMOCTHMyJIHpOBaHHOH npOBOAHMOCTH, 3JieKTponpOBOAHOCTH H t. n. [79— 
81]. Pa 3 BHTHe TexHHKH 3IIP b nocnenHee BpeMH no 3 BonHJio HaueacHo hach- 
TH<j>HAHpoBaTb BaKaHCHH cepbi b ZnS, nonyMHTb CBeAeHHH 06 hx KOHueHTpa- 
uhh, 3apHAOBOM coctohhhh b HopMajibHbix ycnoBHHx h rjiy 6 HHe 3aneraHHH 
ypoBHen b 3anpemeHHOH 30He. 

Ilpn o 6 o 3 Ha*ieHHH 3apHAOBoro coctohhhh ToneHHbix AecfreKTOB Mbi b AaJib- 
HeHineM Hcnonb 3 yeM cHMBOJiHKy H3 paGoTbi [79], HanpHMep, V’ h V x — 
oahok pamo nono>KHTejibHo 3 apHHceHHan h HeHTpajibHan BaKaHCHH; V — 
OTpHuaienbHo AByKpaTHO 3 apHHceHHan BaKaHCHH; Zn, : — AByKpaiHo nonoHOi- 
TejibHO 3 apn>KeHHbiH Mexcy3ejibHbiH uhhk h T.n. IIojiojKeHHe ypoBHeH ue(j)eKTOB 
MOHCeT 6 bITb OXapaKTepH30BaHO 3HeprHeH nepBOH HJIH BTOpOH H0HH3aUHH 
(pHC. 1.5) . 

B paOoTax [82—83] 6buio noKaaano, hto b peayjibiaie TepMOo6pa6oTKH 
B HCHAKOM UHHKe HpH 1100-1200° C C 3aKaJIKOH B MOHOKpHCTaJUiaX ZnS 
B03HHKaioT ueHTpbi oKpacKH, Koiopbie AaioT nypnypHoe oKpaniHBaHne o6pa3- 
uob. CornacHo CTpyKType cneKTpa 3IIP, Ha6jnoAaeMhie ne<j)eKThi pacmH<J>poBa- 
Hbi KaK F + -ueHipbi, hjih Vs, AJiH KOTopbix <J)aKiop g = 2,0034. Ohh, KaK npa- 
BHJTO, B03HHKaK)T TOJIbKO npH B036y>KAeHHH KpHCTaJUia. 

HccJieAOBaHHe onTHwecKHx cbohctb tbkhx KpHCiajuiOB [83] noKa3ajio, 
HTO B03HHKaromHe BaKaHCHH cepbi OTBeTCTBeHHbl 3a nOJIOCbl AOnOJIHHTeJIbHOTO 
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Phc. 1.5. 3HepreTHMecKoe nonoweHKe ypoBHeti ToqenHbix Ae<J>eKTOB cynb4>ima uhhke 
npH 77 K 

ClUIOUlHbie JIHHHH ~ ypOBHH, COOTBeTCTByiOmHe paBHOBCCHblM COCTOHHHHM (£ T epM) t 
LUTpHXOBbie — nepaBHOBecHbie coctohhhh, o6fl3aHHbie penancaunH peuieTKH npH nepe- 
3ap«nKe ueHTpa 


riorJiomeHMH 430 h 540 hm, a iaK>Ke H3Jiy4eHHe b HHtjip^KpacHOH oOnacrH 
cneKipa 847 h 1170 hm [82—85]. 3 xh pe3yjibiaTbi noAXBepføarøxca h phaom 
A pyrnx HccjieAOBaHHii [85-93]. KpoMe xoro, oOHapyxceHo, mo F + -ijeHxpbi 
KOHKypnpyrøT b npoueccax 3axBaxa 3jieKTpoHa c niyOoKHMH 3JieKTpoHHbiMH 
jiOByuiKaMH ZnS, b naciHocxH c A-ueHxpaMH, b npHcyxciBHH KOTopbix F + -ueHx- 
pbi HecxaOHAbHbi npw KOMHaxHOH xeMnepaxype [83, 88]. 

MaKcHMajibHan KOHueHiparøH F + -ueHxpoB cocxaBJinex 10 16 —10 17 cm" 3 
[93—95]. OHa AoexHraex npHMepHO 10 16 cm -3 b pe3yjibxaxe TepMoo6pa6oiKH 
b napax UHHKa [91, 95] h HecKOJibKO 6oJibuie b o6pa3uax, oOny^eHHbix Hefixpo- 
hemh A030H 10 18 cm"^ [93, 91]. IIpH JierHpoBaHHH ajirøMHHHeM Boo6me He 
yAaexcH Ha6jiiOAaxb F* -uenxpbi [90]. 

MoeneAOBaHHH, npoBeAeHHbie b paGoxax [93, 90], ho 3 Bojihiox yxoMHHXb 
MOAejib F + -ueHipa. TaK, cornacHO hm, 3 xh AecJieKXbi Vs oxBexcxBeHHbi xonbKO 
3 a oAHy nojiocy norjiomeHHH 430 hm h H 3 JiyneHHH 847 hm, b xo BpeMH KaK 
6 onee AJiHHHOBOJiHOBbie nojiocbi 540 hm (noniomeHHe) h 1170 hm (H 3 Jiy*ieHHe) 
o 6 H 3 aHbI BaKaHCHHM cepbl B HHOM 3 apHAOBOM COCXOHHHH Vg . Ha OCHOBaHHH 
3 ihx 3 KcnepHMeHxanbHbix AaHHbix, a xaKxce pe 3 yjibxaxoB paåox [82—93] 
6 bina npeAJioxceHa Monejib, onncbiBaiomaH onxHHecKHe cBowcxBa F + -ueHxpa b 
ZnS [84, 96]. 

ITpoueccbi H 3 JiyneHHH h norjiomeHHH Ha 3 xhx AetfreKxax cBH 3 biBaioxcH He 
c BHyxpHueHxpoBbiMH nepexoAaMH, a c nepe 3 apnAKOH ueHxpa npw oOMeHe 
3 JieKXpOHOM C 30 HOH npOBOAHMOCXH. Ha OCHOBaHHH 3 XHX npeAcxaBJieHHH 
cxeMa pacnojioxæHHH ypoBHen Vs h Vg b 3 anpemeHHOH 30 He ZnS npHBeAeHa 
Ha pHc. 1.5. KaK h npennojiarajiocb [97] , nepe 3 apnAKa ueHipoB npH norjiome- 
HHH HJ 1 H HSJiy^eHHH CBexa Ha 3 XHX COØCXBeHHMX Aec])eKiaX CBH 3 aHa C CHJIbHOH 
pejiaKcauneH pemexKH h cxokcobmmh noxepHMH [98]. 3 xo onpeAennexcH 
H 3 MeHeHHeM 3apHAa ueHxpa, x.e. H 3 MeHeHHe m 3 Hepnoi CBH 3 H ero c peuieiKOH 
h no;iHpH 3 auHeH oOnacxn hoboh ji 0 KajiH 3 auHH ajieKipoHa. B pe 3 yjibiaxe aah 
nepexoAa pemexKH b paBHOBecHoe cocxohhhc npn norjiomeHHH CBexa ueHxpaMH, 
ypoBHH Koxopwx Jiexcax b 6 jih 3 h cepeAHHbi 3 anpemeHHoH 30 Hbi, AOJixcHa Bbrne- 
jiHXbCH 3 HeprHH, npHMepHO paBHan AByM noJinpoHaM. 
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no røHHMM [99], jHcprMH iiojinpona E HQJl b ZnS cocTaBJiHOi -0,3 iB. 
ItoiyqeHHe cbcts TaK>Ke npHBonm k HepaBHOBecHOMy coctohhhki, Koropoe 
pejiaKcnpyeT c BbiAeneHHeM eme a»V* nojiHpoHOB. IloaxoMy mcpruH mjiyqe- 
hhh MeHbiue 3HeprMH nomomenHH na yqeTBepeHHyro :)Heprmo nojiHpona (cm. 
pHC. 1.5). CqHTa h TepMHMecKyio hoiih jan.HK) neurpa nponeccoM paBHoeecHbiM, 
MOXCHO noJiaraTfc, qTO ^xepM “ ^IIOI' .ti ~^nojr ~ ^h 3 ji 2L non > HJM “^repM ~ 
= E no rn + ^H 3 n* TorAa no iKcnepHMemajihHbiM AaHHbiM Mbi nojiyqaeM ajih 
V s H Vs 3Ha^ieHHH £' T ep M , COOTBC l C IBCIIHO paBHbie 1,7 H 2,17 3 .B (ot E c ). 
TaKHM o6pa30M, BaKaHCHH cepbi oOpaayior b ZnS oqeHb myGoKHe noHopHbie 
ypoBHM, hto npHHummajibHo oijiMqaercH or npHHHTbix paHee npeACiaBJieHHH 
[79—81]. BejiHHHHbi CTOKCOBbix cMcmtMiHH, iiaupHMep E TevM — E u3Jli no AaH¬ 
HbiM 3KcnepnMeHTa Aa>Ke HecKOJibKo npcHhiiiiaKvr y/moenHyio 3Heprmo nonn- 
poHa w cocTaBJiHioT ajih V* h Vs npHMcpHo 0,65 h 0,72 3 B. 

SKcnepHMeHTajibHbie HCCJieAOBaHHH apyroro inna ac^cktob b ZnS — 
BaKBHcHH uHHKa BecbMa o6niHpHbi [79-80, 100 116]. Oaho3 apHAHan BaKaH- 
chh AHHKa Vz n , no AaHHbiM MHornx pa6or [79 80, 101-102], HMeex ypoBeHb 
^ xe p M j otctohlahh npHMepHo Ha 0,35 -0,4 jB OI E v . 

Eme MeHbmee 3HaqeHHe ajih niyOnnbi ypoBHH Vz„, paBHoe 0,2 oB (ot 
E v ), noHBHJiocb b jiHiepaiype Ha ocHOBaHHH (HcnpHeMJieMOH 8 Hacionmee 
BpeMn) HHTepnpeTauHH KpaeBOH niOMHHecucHUMH ZnS : cBeqeHHe o6bHCHHJiocb 
npoueccaMH peKOMØHHanHH na AOHopHo-aKucnropHbix napax V'z n — Vg. 
OAHaKo HaKoiuieHHbie b Hacionmee BpeMH jKcnepHMeHTajibHbie 4>aKTbi [117— 
120] CBHAeieJibCTByiOT o tom, mo ypoBHH 3 thx accouHaTOB He Moryx oTBeqaTb 
3 a HanyqeHHe b KpaeBOH oønacTH cneKTpa ZnS (cm. pa3A. 4.2). 

B paSoTe [107] oØHapyaceHbi aKueniopHbie ypoBHH c royøHHOH E TepM % 
^ 0,58 3 B (ot E v ) b KpHCTannax ZnS p-rana, npoineAniHx aKTHBHpoBaHHbiH 
yjibTpa(])HOJieTOBbiM oOjiyqeHHeM otjkht b napax cepbi. ypoBHH CBH3biBaiOTCH 
c Ae^eKTaMH, OTBeTCTBeHHbiMH 3a CBeqeHMe 460—470 hm h nornomeHHe 364— 
375 hm npn 77 K. Abtopm oToacAecTBJiHiOT hx c V'z n . CTOKeoBbi noTepn b 
3tom cnyqae nopHAKa oahoto nojinpOHa. 

llByxaapHAHbie BaKaHCHH AHHKa Vz n npoHBJiHioT ce6n b npoueccax <|)oto- 
npOBOAHMOCTH, JHOMHHeCAeHAHH H nOTJIOmeHHH. B CBH3H C 3THM MOHCHO npeA" 

nono>KHTb, mo Vz n hbjihiotch oahhm H3 npeoOnaAaiomHX THnoB Aec})eKTOB 
cyjib<|)HAa AHHKa. TepMHqecKan rjiyøHHa 3 thx Ae<|)eKTOB, onpeAejieHHan Ha 
ochobhhhh aHajiH3a 3KcnepHMeHiaJibHbix AaHHbix b paSoTax [79—80], paBHa 
1,9 aB (ot!?,,). JdccJieAOBaHHH nornomeHHH [100] naroi onTHqecKyio rjiyøHHy 
ypoBHH Vz n nopHAKa 1,25—1,36 3 B (ot E v ), a no AaHHbiM aneKTponornome- 
hhh [101—102] — 1,04 aB (ot E v ) . B cooOmeHHH [121] AaeTCH 3HepreTH- 
qecKan MOAenb Ae<J>eKTa Vz n > onpeAenniomaH TepMHqecKoe nojio>KeHHe ypoBHH, 
cneKTpajibHyio oOnacTb nornomeHHH AeHTpoM (370 hm) h H3JiyqeHHH 
(~ 560 hm). 3th pe3ynbTaTbi nonyqeHbi npn 77 K. Ohh noATBepxmaioTCH 
HCCJieAOBaHHHMH AeHTpoB <})OTonpoBOAHMOCTH ZnS, KOTopbie b paSoiax 
[104—106] conociaBJiHioTCH c ypoBHHMH 1,08-1,3 aB ot E v . TaKHM oSpasoM, 
AByx3apnAHbie BaKaHCHH AHHKa Vz n , KaK h cepbi Vg, b ZnS AaiOT rnyøoKHe 
ypoBHH, pacnono^ceHHbie b6jih3h cepeAHHbi 3anpeineHHOH 30Hbi. B TaKOM 
cnyqae nonocbi, cooTBeTCTByromne H3JiyqaTenbHbiM nepexoAaM, aah Vz n 
cneAyeT oxaiAaTb b HH<|)paKpacHOH o&riacTH cneKTpa, npnqeM HecKOAbKO 6onee 
AJIhhhobojihoboh, qeM ajih BaKaHCHH cepw. 

M3JiyqeHHe ZnS b HH(})paKpacHOH oSnacra HccneAOBanocb AocTaioqHo 
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TmaTejibHG [122-129]. TaK, b pa6oxe [122] nonyqeHbi MH<})paKpacHbie cneKx- 
pw KaTO«ojiK)MMHecueHUMH npn 77 K MOHOKpMCTaJinoB ZnS, noABeprHyxbix 
6oM6apAMpoBKe 3ueKipoHaMH c 3HepraHMH GoJTbine noporoBbix 3HeprMH 
cMemeHHH uhhke (235 K3B) hjih cepbi (190 ksB). Ilpn o6pa30BaHHH cepHbix 
BaKHHCHH flononHHTenbHbie nojrocbi H3JiyqeHHH Ha6nionajiMCb npw ~ 0,8 h 
^1,2 mkm [122—123]. 

CMemeHHe hohob UHHKa H3 y3JioB peuiexKH Bbi3biBaJio noHBneHwe hoboh 
nojrocbi 1,37 mkm (~0,9 3B) h ycnjieHHe rpynnbi nonoc 1,51; 1,67 h 1,75 mkm, 
CTaSunbHo npncyxcxByiomHX b HH<|)paKpacHbix cneKTpax. MHorwe HCCJieuoBa- 
iejiH cqHiaiox, qxo HH<|)paKpacHoe H3JiyqeHHe ZnS b oOnaciH 1,5—1,7 mkm 
o6a3aHo BaKaHCHHM UHHKa Vin- B nouTBepjKueHHe 3Toro npoBeueHbi pacqexbi 
B03MO>KHOH CTpyKTypbl aKUenTOpHblX ypOBHeH KaTHOHHblX BaKaHCHH [125], 
3KcnepHMeHXbi no nojinpH3auHH H3JiyqeHHH [126]. OuHaKo aHajiH3 cxpyKxypw 
HH(})paKpacHoro cneKxpa ZnS b axoii oOnacxH 3axpyuHHeicn B03M0XCHMM 
npHcyxciBHeM HeKOHxponHpyeMOH npHMecw Me ah, Koxopan oØHapyxcHBaex 
noiiocbi H3jiyqeHHH b xoh )Ke cneKipajibHOH oGnacxH [127]. Me>KAy xeM b 
paåoxe [127] oxMeqaexcn, qxo HH<})paKpacHoe H3JiyqeHHe b oønacxH 1,5 mkm 
BecbMa HHxeHCHBHo h b cneKxpe qHcxoro ZnS, nonyqeHHoro npn H36bixKe 
cepbi, Korua conepxcaHHe Menn b o6pa3uax 6bmo yMeHbiueHo ao 10 1S — 
10 16 cm“ 3 . THnoxe3a o xom, qxo hohm Cu 2+ b 3xom cnyqa#oxBexcxBeHHbi 3a 
HH(})paKpacHbie cneKxpbi, ocxaexcn coMHHiejibHOH eme h noxoMy, qxo MarHHx- 
Hbie 3KcnepHMeHxbi He noATBepuHJiH cymecxBOBaHHH 3xhx hohob b ZnS, xoih 
CnHHOBblH pe30HaHC n03B0JIHeX OØHapyXCHXb OAHH npHMCCHOH HOH Ha 10 10 
aroMOB ochobhoh pemexKH [127]. Bonee xoro, b paooxe [128] noKa3aHo, 
tjo pa3JiHqHbie ycnoBHH npnroxoBJieHHH h jiernpoBaHHH cyjib<})HAa UHHKa 
UHhkom, cepoH, MapraHueM, cepe6poM, Menbio, cbhhuom He bjihhiox Ha ero 
MHcJjpaKpacHyro inoMHHecueHUHK). ITocKOJibKy no AaHHbiM 3Kcnepn mchxob 
Vz n Bcerua HMeroxcn b pemexKe ZnS [100-107], xo nocxoHHHoe npncyxcxBHe 
nonoc H3JiyqeHHH 1,5—1,7 mkm b cneKxpe ZnS CBHnexejibCXByex b nonb3y 
xoro, qxo ohh oOycjiGBJieHbi BaKaHCHHMH UHHKa. 

C npyroii cxopoHbi, npnHHB aah rnyOoKHX ypoBHen Vz n xaKyio xce Monejib, 
kbk h ajih V s (cm. pHC. 1.5), moxcho nonbixaxbcn oueHHXb BejiHqHHy E n3n 
axoro ueHxpa. OOoiioqKH aHHOHOB, x.e. BaKaHCHH UHHKa, oqeBHAHo, 6onee 
noABep>KeHbi nonnpH3auHH npn npnoOpexeHHH hjih noxepe ajieKxpoHa, qeM 
KaiHOHHbie oSonoqKH — BaKaHCHH cepbi. Hcxoah H3 axoro ajih Vzn CJieuyex 
oxcHAaxb He MeHbiiiHX cxoKcoBbix CABHroB, qeM b cnyqae F + -ueHxpoB, x.e. 
^K 3 ji~^TepM > 0,7 3 B. 3xo onpeuenflex E H3n = 0,8-f 1,1 3B npn 3Kene pn MeH- 
iajjbHo HSBecxHOH BeJinqHHe E norn - 2,7 -r 2,8 aB. 

ÆonoJiHKxenbHbie cbcachhh uaex pa6oxa [129]. CornacHo 3 xhm AaHHbiM, 
jnoMHHecueHUHH ZnS b HH(J>paKpacHOH oøjiacxH Mo>Kex 6bixb onncaHa qexbipbMH 
rpynnaMH nonoc: 800—1000 hm; i 270 hm; 1400—1600 hm; 2000 hm. CpaB- 
HeHHe c AHarpaMMoft pnc. 1.5 noKa3biBaex, qxo, neHcxBHxejibHO, BoaMoxcHbie 
H3JiyqaxejibHbie nepexoubi ajih 3jieMeHiapHbix BaKaHCHH cepbi h uhhkh b ZnS 
Aaiox CBeqeHHe b 3xhx UHana30Hax HH<})paKpacHoro cneKxpa. IIpH conocxaBJie- 
hhh Bcex pe3ynbxaxoB no H3nyqeHHio Vz n mm oxuaeM npeunoqxeHHe nonoce 
4)OXOJIIOMHHeCUeHUHH 1,6 MKM. 

IlpHcyxcxBHe Mexcy3enbHoro UHHKa b ZnS npoHBJiHexcn npn HCCJieAOBaHHH 
ero 3ueKxponpoBOAHocxH [130—132, 95], npoueccoB caM0AH4>4>y 3MH b cjiohx, 
xepMoo6pa6oxaHHbix b napax UHHKa [132], xepMOBbicBeqHBaHHH, xepMOCXH- 
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MynHpoBaHHOH npoBOAHMocTH [95] m x.n. Tan, b pa 6 oxax [95, 131] 6 bino 
noKa 3 aHO, mo TepMoo 6 pa 6 oTKa b napax UHHKa yBejiHHHBaex npoBOAHMocib 
ZnS npHMepHo Ha xpn nopHAKa no cpaBHCHHio c o 6 pa 3 uaMH, npomexuuHMH 
xepMOo 6 pa 6 oxKy b BaKyyMe. 3HepiHH aKXHBauHH, noJiyweHHan no HH3KoxeM- 
nepaxypHOMy ynacxKy xeMnepaTypHow 3aBHCHMocxH aneKxponpoBOAHocxH 
o 6 pa 3 UOB, xepMOo 6 pa 6 oxaHHbix b napax uwHKa, cocxaBJiaex 0,046—0,05 aB. 
Ecjih cmiiaxb, mo coOcxBeHHbie aKiiemopbi b ZnS Moryx 6 biib noJiHocxbio 
KOMneHCHpOBaHbl, XO KOHUeHXpaUHH OTBeTCXBeHHblX 3a npOBOflHMOCTb AOHO- 
poB paccHHxaHHaa H3 cooiHomeHHH 

n=N* N$ exp(-elkT), (1.7) 

Aocxnraex 10 17 —10 18 cm“ 3 . Ilpn axoM npwHHMajiocb, mo N c - rmoxHocib 
cocxohhhh b 30He npoBOAHMocxH; n KOHueHxpauHH aneKxpoHOB; o-enix- 
= 5 • 10” 2 Om-cm" ; e = 0,09 aB, /i = K10 cm 2 * B _1 • c" 1 . IlojiyHeHHaH 
KOHueHxpauHH AOHopoB b HejierHpoBaHHOM ZnS Moxcex cooxBexcxBOBaxb 
tojimco co6cxBeHHMM xo^eaHbiM Aec})eKxaM. Mo>kho nonaraib, mo aohopom, 
KOHueHxpauHa Koxoporo pe3KO yBejiHWBaexcH c AaBJieHHeM napa uHHKa b 
ra30BOH (J>a 3 e, HBJinexcH oAHOKpaiHo hohh 30 BaHHbin Mexcy3ejibHbiH ahhk Znj. 

JlnH o6pa3uoB, nporpexbix b BaKyyMe, xapaKTepHoi! bcjih^hhoh aHepnn* 
aKXHBauHH HH3KoxeMnepaxypHbix yaacTKOB KpnBbix o ~~ (1/7) 6 bma 0,18— 
0,23 aB [131]. IlocKOJibKy nporpeB b BaKyyMe yMeHbiuaex wcno cboGoahmx 
HocHxeneH 3apnua h yBe jihmhb aeT KOHueHipauHio KOMneHCHpyromHx axoMHbix 
Ae<J)eKxoB, oh AOJixceH cooiBexciBOBaib cjiyqaio cmibHOH KOMneHcaunH. Cornac- 
ho [133—134], b 3xom cnyqae aojixcho BbinojiHHTbCH cooiHomeHHe 

N a -N n 

n=N e exp(-e/*7). (1.8) 


HaHA6HHaa oxciOAa cxeneHb KOMneHcaunH paBHa 10 _1 -10” 3 npn o = 3 • 

• 10 8 Om " 1 • cm ” 1 ,e = 0,18 aB, r = 300 K, a « i-HO cm 2 /(B * c) h BejiHHHHe 
3<J)(i)eKXHBHOH Maccbi aneKxpoHa b 30He npoBOAHMocxH 0,25 m, rue m - Macca 
CBo6oAHoro ajieKipoHa. B axoM cnynae rnyåHHa AOHopa paBHa anepniH bkih- 
BauHH h cocxaBHi ^ 0,2 aB. 3xo Moxcex cooxBexcxBOBaxb ABaxcABi H0HH30BaH- 
HOMy COCXOHHHH) Me»y3eJlbHOrO UHHKa. 

HccjieAOBaHHH npoBOAHMocxH o6pa3uoB ZnS HenocpeucxBeHHo b napax 
UHHKa (500—700° C), npoBeueHHbie b pa6oxe [132], xaKXce CBHAexeJibcxByrox 
o npHcy t cxbhh b HeM Mexcy3ejibHoro UHHKa. Ilo 3thm uaHHbiM nonyaeHO Bbipa- 
xceHne jjjik K03(])(])HUHeHTa AH(])4)y3HH coOcTBeHHbix aohopob b ZnS: 

-0,75 ±0,15 

Z5= 10 7 exp (-—-), (1.9) 


rfle D BbipaxæHo b cm 2 • c -1 . Oho CBHfleTejibCTByer o tom, mio caMooH<t>4>y3HH 
Huex c yaacxHeM HMeiomerocH b pemeiKe Mexcy3eJibHoro uhhkb, xaK KaK 
3HeprHH aKXHBauHH ~ 0,75 aB, a AH<]>ct>y3HH UHHKa b ZnS no BaKaHCHOHHOMy 
MexaHH3My ocymecxBJineTCH npn T> 1030°C c aHeprneH aKXHBauHH, cymecx- 
BeHHo OojTbuieH (~6,6 aB) [135]. 

MccneuoBaHHH aneKxponpoBOAHocxH ZnS naiox nojie3HyK) HH^opMaunro 
h o rny6oKHX uoHopax [131]. Tan, ecJiH HH3KoxeMnepaxypHbie ymcxKH KpH- 
Bbix o ~ (l/T) onpeuennroxcH aHeprHHMH aKXHBauHH 0,05—0,2 aB, xo ajih 
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oOnacTM BbicoKHx TeMnepaiyp 600—700° C xapaKTepHo 3Ha*ieHHe 3HeprHH 
aKTHBauHM 1,6—1,7 aB. 3tot ynacioK HaGnioAaJiCH h b paøoxax [136—137]. 
3HeprHH aKTHBauHH 1,7 3B 6nw3Ka k 3HaneHHK) V 2 ÆJ epM ajih ZnS. Ilo3TOMy 
OHa nepBOHa^ajibHo 6buia npHnHcaHa co6 ctbchhoh npoBoAHMocxH cyjib<J>HAa 
UHHKa. OuHaKo TaKoe npeflnoJioxceHHe xpe6yei nepeajibHo 6 ojimiihx 3HaneHHH 
IIOABH5KHOCTH HOCHTeJiefi 3apH«a 10 3 -10 s CM 2 /(B -c). OaHH M3 B03M0>KHbIX 
MCXHHH3MOB npoBOflHMocxM Ha 3 tom ynacTKe AonycKaex ynacTHe b ajieKipo- 
npoBOAHocxH ZnS rnyOoKHx AOHopHbix ypoBHeH. 3HeprHB HOHH3auHH flOHopa 
1,7 3B xoporno cornacyeiCH c ypoBHeM V$ (cm. pnc. 1.5). KoHueHipauHH 
3XHX A,e4>eKxoB b ZnS, xepMoo6pa6oxaHHOM b BaKyyMe, AOJixcHa 6biTb nopnAKa 
10 12 -10 14 cm' 3 (o~ 10” s ^10 7 Om' 1 - cm' 1 ; 600°C; ;u = 1 cm 2 /(B - c)). 

HcXOflH H3 Bcex 3XHX ABHHblX MOXCHO 3aKJimHTb, HTO fle(})eKXbI TO UIOXKH 
H MeXCy3eJIbHbIH UHHK npOHBJIHIOICH COBMeCXHO IipH HCCJieAOBaHHH 3JieKXpO- 

npoBOAHociH ZnS. 

Onejib MHorwe 3KcnepHMeHxanbHbie pe3yjibiaibi yKa3biBaiox Ha ynacxHe 
Zn,- b roJiyGoH caMoaKXHBHpoBaHHOH JiioMHHecueHUHH ZnS, HanpHMep [112, 
113, 138, 139], ConracHo [111, 140] , hhtchchbhoctb nonocbi JiioMHHecueHUHH 
466 hm (2,66 aB) npHMo 3 aBHCHx 01 KOJinnecTBa H 36 bixoMHoro UHHKa b ZnS. 
OHa ycHJiHBaexcH npH BBeueHHH UHHKa hohhoh HMnjiaHTau^w [140] h ncne- 
3 aeT npH yuaJieHHH ero TepMoo 6 pa 6 oTKOH ZnS npw T - 620° C b BaKyyMe 
10 ' 8 xopp [111]. KaK H3BecxHo [113], rojiyOan JiioMHHecueHUHH HeaKTHBH- 
poBaHHoro cyjTb4>Hua UHHKa HaSjirouaeTCH tojimco npw hh3khx TeMnepaiypax. 
3to CBHuexenbCXByeT 06 ynacTHHH b peKOMSHHauHH MenKHX ypoBHeH, xepMH- 
HecKan HoHH 3 auHH Koxopbix npw 300 K racHi caMoaKTHBHpoBaHHyio (CA) 
nojrocy. Mo.ueJib CA-ueHxpa HeaKiHBHpoBaHHoro ZnS, no-BHUHMOMy, aHajio- 
nnma moacjih ueHxpoB roJiy 6 oro CBeneHHfl cyjib<})HAa uhhkb, aKTHBHpoBaHHo- 
ro 3 JieMeHiaMH III B h VII B nourpynn xa 6 jiHUbi MeHuejieeBa [1,139]. Cornac- 
ho HccneAOBaHHHM [139], HanyHeHHe Ha xbkhx ueHipax oSnaaHo peKOMØHHa- 
UHH 3JieKipoHOB, 3 axBaqeHHbix mcjikhmh uoHopaMH, HanpHMep Ga’ Zn hjih 
Clg , c AbipKaMH Ha A-ueHxpax THna {V Zn Ga Zn } f ;{V Zn Cls}'. B cjiynae HeaKxn- 
BHpoBaH Horo cyjib<})HAa UHHKa CA-ueHxp Moxcex BKjncmTb Mexcy3enbHbiH uhhk b 
Ka^ecxBe AOHopa Zn f - h aKuemop A-ueHTp{V Zn Zn*}\ B cneKTpax xepMOBbiCBe- 
t ihbhhhh npw ycnneHHH ronySoH JiioMHHecueHUHH B03HHKaex MaKCHMyM npH 
110 K, cooiBexcxByioiuHH rny 6 HHe JioByiuKH 0,09 aB. IIo aahhmm paøoT [113], 
oh oOycnoBJieH Mea<y3eJibHbiM uhhkom. TepMHMecKan myØHHa ypoBHen A-ueHT- 
pOB ajih HeaKXHBHpoBaHHoro ZnS cociaBJiHeT 0,57 aB (ox E v ) [113], b to 
BpeMH KaK ajih nerHpoBaHHoro aneMemaMH III h VII rpynn cyjib<J>HAa UHHKa 
OHa cocTaBJiHex 0,64 aB ajih ueHTpa {V Zn Ga* Zn }' h 0,42 aB ajih ueHTpa 
{^ZnCls}' [101]. 

Ponb AByKpaTHo 3apH>KeHHoro MexcyaejibHoro UHHKa b npoueccax jhomh- 
HecueHUHH h norjiomeHHH H3 jiHTepaTypHbix uaHHbix noKa He HCHa. IIpncyTCT- 
BHe b ZnS Mexcy3ejibHOH cepbi 3KcnepHMeHTajibH0 oSHapyxceHo He 6bino. 
TeopeTHHecKHe pacneTM [141] 3HeprHH o6pa30BaHHH 3 Thx ac^cktob b ZnS 
noKa 3 biBaioT, mo OHa cymecxBeHHo Oonbine (~ 10 aB) aHeprHH o0pa3OBaHHH 
Ae<})eKTOB IiIotkh (4—6 aB) hjih (JjpeHKejieB ckhx nap b KaTHOHHOH noApeuieTKe 
(5—6 aB). lloaTOMy Me>Ky3ejibHaH cepa S,- He THromHa ajih cyjib<j)HAa UHHKa. 
AHTHCTpyKTypHbie Ae<})eKTbi o6pa3yioTCH b ZnS maBHbiM o6pa30M no a achct- 
BHeM HOHH3HpyiOIUHX H3JiyHeHHH [95]. IIo AaHHblM [142] npH OØJiyneHHH 
ajieKipoHaMH c aHepraeH 1—5 MaB mhcjio 3aMemeHHH b peineTKe ZnS cpaBHHMo 
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C HHCJIOM CMemeHHblX aXOMOB. CbHJb JIHX AC({>eK 10 B C onTMMeCKHMH CBOHCTBa- 
mh ZnS He HeeneAOBaHa. CnHTaeTCH, mto ohh hbjihiotch ueHTpaMH rameHHH 
jiioMHHecueHUHH [95] . flnn KpHCTajuiOB, b kotopmx TOMCMHbie aecfceKTbi co3aa- 
k)tch B ycnoBHHX paBHOBecHH TepMooGpaGorKOH b napax komhohchtob, aHTH- 
cipyKTypHbie Ae<]>eKTbi, no-BHAHMOMy, He THnnHHbi. 

TaKHM 06pa30M, OCHOBHbie THnbl IIpOCieHIHHX TOMe i tHbIX ae(})CKrOB ZnS, 
cornacHO JiHiepaTypHbiM AaHHbiM, He orpaHHHHBaioTCH TonbKo Ae4)eicTaMH 
BaKaHCHOHHoro rana, ho BKJiKmrøT h (JjpeHKejieBCKHe napbi uhhkoboh noA- 
pemeTKH. 

HaKOiuieHHbiH b HacTonmee BpeMH 3KcnepHMeHTanbHbiH Maiepnan no3BonH- 
eT npoBecTH pacneT paBHOBecHH ToneHHbix Ae<})eKTOB [79] . 3tot Me toa npH 
OnHCaHHH paBHOBecHH COØCTBeHHblX H npHMeCKblX AC^CKTOB B KpHCTanJie 
no3BOJiHei npoBepHTb oTAejibHbie 3KcnepHMeHiajibHbie 4>aKTbi conociaBJieHHe m 
KOH enHoH AnarpaMMbi c HaOnioAaeMhiMH 3KcnepHMeHTajibHo cbohctbbmh 
MaiepHajia. IlpH AoerarHyTOM b Hacronmee BpeMH ypoBHe iepMOAHHa mh ne ckhh 
aHajiH3, HcnoJib3yeMbiH b 3toh MeTOAHKe, paccHHTaH Ha noJiyneHHe He tohhmx 
AH(])pOBbIX 3Ha^eHHH KOHUeHTpaUHH Ae(J)eKTOB, a JlHUJb oSuUeH KapTHHbl paBHO¬ 
BecHH npn coBOKynHOM yneie b ee nocrpoeHHH øojifcmoro HHcna <})aKTopoB. 

IlonblTKH nOCTpOHTb KapTHHy paBHOBecHH AC(})eKTOB B ZnS H TeM CaMblM 
OnpeAeJTHTb OCHOBHbie CBOHCTB3 3TOrO KpHCTaJUia B 3aBHCHMOCTH OT VCJIOBHH 

nojiyneHHH npeAnpHHHMajrøCb HeoAHOKpaTHo [79, 80, 143], OAHaKo b 3thx 
paOoTax yHHTbmajiacb tojimco BaKaHCHOHHan MOAejib Aec]>eKTOo6pa3GBaHHH. 
Ha ocHOBe hmcioiahxch b jiHTepaiype b Hacionmee BpeMH AaHHbix mm paccMH- 
TaJiH paBHOBecHe coOcTBeHHbix toh8hhmx Ae4>eKTOB ZnS no cxeMe Djotkh- 
OpeHKenn. 

ripHHHTyio cxeMy Ae4>eKToo6pa30BaHHH mcokho npeACTaBHTb chctømom 
y paBHeHHH: 


0 -g. e 9 + h + Eg , 

Zn Zn *Zn?+V2: n +ffF, 

o^v^ + vL+-ffs, 

v'zn ^Vz n +e' + E lt 

Vzn ^ V f Zn +e' +E 2 , 

Vs ^ Vs +e' +E 3 , 

Vs itVd +e’+E 4i 
Znf^tZn} + e +E s , 

Zn} <£ Zn f + e + E e , 

Zn r ^Zn Zn + Vs + E 7 , 


K t = np % 

Kv=[ Znf][^z„], 

*s = [Vs] [VL], 

Ki [V' z „] =«[vj n ], 

%2 \y’z n] =«[V' Z n], 

*3 [Vs] = »[Vs], 

K ., [Vs] =«[Vsl, 

K s [Zn?] =n[Zn }], 

K 6 [Zn,-] = n [Zn<], 

Ki P’Zn = [Vs] > 

[Vzn] + [V' Zn ] +«• 


2[Vs] + [Vs] +2 [Zn;-] + [Zn;-] +p = 


( 1 . 10 ) 


Pac^eT 6bm npoBeAeH hbmh Ha 3 BM. Mcnojib 30 Bajiacb MeTOAHKa pacneia 
[79—80], KOHKpeTH3HpoBaHHaH b paOoTax [143, 144], TepMoxHMH^ecKHe 
AaHHbie ajih cyjifc4)HAa uHHKa B3HTbi H3 pa6oT [9,141, 145—147], BejiHHHHa 
H$ ~ 5,1 aB BbiHHCJieHa H3 3HeprHH aioMHaauHH [79] c yneTOM BKjiana hohhoh 
cbh3h b ZnS c Ae^eKTaMH ynaKOBKH [143]. 3 HaneHHe Hy ^5,3 aB onpeAeneHo 
no H3BeCTH0My H3 [141] COOTHOUICHHK) // S /My , n03T0My BapbHpOBaHHC BeJIH- 
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Phc. 1.6. BapnanTbi 3HepreTHMecKHx zwarpaMM ypoBHett coGcTBeHHbix TOMeMHbix «e<J)eK- 
roB cynbtJjHfla uhhk3 


q>iHbi i/ s He MeHneT o6myio KapTMHy paBHOBecMH, a TOJibKO CMemaer HHarpaM- 
My no lUKajie KOHueHipauHH. 

PaBHOBecne ae^eKTOB 6buio paceuMTano unn pnm MofleneH c uenbio yiowe- 
hhh oniHManbHoro BapHama UHarpaMMbi. Ha pwc. 1.6 npHBeueHbi (no jime- 
paxypHbiM AaHHbiM) nonoKeHHH 3HeprexH*iecKHx ypoBHeii (xepMHHecKHx) 
coocTBeHHbix TOMeHHbix ue<|)eKTOB cyjib<]>Hna UHHKa ujth HecKOJibKHX Mouejiefi, 
ny Hine npyrwx corjiacyiomHxcH c pesynbTaiaMH 3KcnepHMeHTa. TepMHwecKan 
uiMpHHa 3anpemeHHOH 30Hbi npw 77 K B3HTa paBHOH 3,52 aB; uH<t>paMH yKa3a- 
Hbi xepMHHecKHe rnyGHHbi ypoBHen (b 3B) ot E Ci b cKOØKax — ot E v . Bo 
bccx qeTbipex BapnaHTax npHHHTO, mo ypoBHH oaKaHCHH cepw rjiy6oKHe. 
JneprHH HOHH3auHH upyrwx uecbeKTOB, b qacTHOCTM BaKaHCHH uhhkb, cnnbHO 
BJiMHKJiuHX Ha KOHe^Hoe paBHOBecne, MeHHnacb ot BapHaHia k BapHaHiy. 
BbicoKOTeMnepaxypHoe paBHOBecHe pacc^HxaHo b pa3JiH4Hbix BapHaHxax ajih 
reMnepaxypbi 1150°C, Koxopan cooxBexcTByeT pexaiMaM TepMoo6pa6oiKH 
b napax komitokchtob h ycnoBHHM pocTa KpHCxajuioB H3 ra30B0H <t>a3bi. IlpH- 
Mep pacneia BbicoKOTeMnepaiypnoro paBHOBecMH co6cxBeHHbix xorøMHbix 
ue(J)e ktob uaH Ka pwc. 1.7. Ah3jih3 pa3HosecHH npoBOUHJiH b ochobhom no 
HH3KoxeMnepaTvpHbiM unarpaMMaM, nocKOJibKy ohh øjiHXce k ycnoBHHM 
3KcnJiyaTauHH KpHCTajuioB. HH3KOTeMnepaTypHbie uwarpaMMbi nojiy^eHbi 
Kan peayjibTaT 3aKaJiKH BbicoKOTeMnepaTypHbix paBHOBecMH uo 0 K [79—80]. 
Ha pHC. 1 .8 npHBeueHbi HH3KOTeMnepaxypHbie røarpaMMbi unn I—III BapnaHxoB, 
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lg [ J (cm - 3 ) lg[](CM' 3 ) 


lg P s (amM) 

8 1 -n 



Phc. 1.7. ripMMep «HarpaMMbi BbicoKOTeM- 
ncpaTypnoro (1150°C) paBHOBecHH co6ct- 
BeHHbix fle<{)eKTOB hjib IV BapaanTa 


Phc. 1.8. HwarpaiviMbi paBHcmecHH (3aKaji- 
KH OT 1150°C) COGcTBeHHblX TOMeMHblX 
3c(J)cktob min I—III BapnaHTOB 


lg P ln ( Qinw) 


-V -8 


-12 


-12 


Ig^iamw) 
-V -8 



a Ha pwc. 1 .9 w ih IV BapwaHTa. Rnx scex nojiyneHHbix unarpaMM xapaKTepHo 
xo, mto npeo6jraAaiomHM thfiom ue<|>eKTOB b ZnS Haprøy c 3apflxceHHbiMH 
BaKaHCHHMH uHHKa 0Ka3biBaeTCH uhhk Mexcy3enbHbiH, a KOHueHipauHH cepHbix 
BaKaHCHii 3HaqHienbHo MeHbrne. 3to npHHUHiiHajibHo oTjitrøeT HauiH AHarpaM- 
Mbi OT HMeBuiHxcH paHee AHarpaMM h oSbHCHneTCH TeM, mto no cxeMe IHotkh— 
OpeHKenH OTpHuaTejibHbie 3apnflbi BaKaHCHH uhhkb Kz n h V Zn KOMneHCH- 
pyiOTCH npeHMyuzecTBeHHo Ae(})eKTaMH c MaJioH 3HeprHeii hohh3buhh Zn^-H 
Zn}\ a o6pa30BaHHe nonoxofTeirbHO 3apHxæHHbix BaKaHCHH cepw h V'$ 
c 3HeprnHMH HOHH3auHH 1,6—2,0 sB 3HepreTHqecKH MeHee BbiroflHO. 

ripH H3MeHeHHH nOJIOXCeHHH ypOBHeH BaKaHCHH UHHKa BHU paBHOBeCHOH 
AHarpaMMbi H3MeHneTCH: h3mchhctch coBOKynHocTb ue^eKTOB, npeoGnauaio- 
UIHH THn Ue<})eKTOB H HX 3apHAOBOe COCTOHHHe. 
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Phc. 1.9. UnarpaMMbi paBHOBecHH (3aKajiKa ot 900. 1150, 1500 h 1800° C) coOcTBeH- 
hbix ToqenHbix jxetfceKTOB b cyjiwJJHÆe UHHKa æjth IV BapwaHTa 


Ycjiobhh, npH Koiopbix B03MoxceH nepexon; ot n- k p-xwny npoBOAHMocTH, 
nO3BOJTHI0T COnOCTaBMTb IIOJiyweHHhie AHarpaMMbI CO CBOHCTBaMH pea^bHblX 

KOHcxa^jioB ZnS. ConiacHo pe3yjibTaTaM [105], p iwn npoBOAMMOCTH Hene- 
rwpoBaHHorG ZnS Moxcex 6bixb nony^eH b napax cepbi npw P $ > 0,5 -r i aiM 
(1423 K). CoGcTBeHHbiMH lonerøbiMH AecJjeKxaMH, KOTopwe ziaiOT aKuenxop- 
Hbie ueHTpbi co cpaBHHxejibHO MauoH rjiyGHHOH ypoBHen b 3anpemeHHOH 30He 
(cm. pHC. 1.6), hbjihkjtch Fz n . IIpeoGjiaAaHHe aKuenxopoB jjjih I-IV BapnaH- 
tob xmarpaMM OTMe^aexcn npn pa3Hbix zjaBJieHHnx P$ 9 . Haimyqmee cooTBexcx- 
BHe c 3KcnepMMeHTOM HMeeTCH pjin IV BapHama. CnenyeT OTMeTHTb, orøaKo, 
*rro I BapwaHT o^eHb 6jih30k IV BapHaHTy, ho HcnoJib30BaHHe b nocjieflHeM 
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AaHHbix [ 10 7j m th myGHHbi y pobhh l’ 7n jxaeT Bce >Ke nymuee coorBCTCTBue 
C 3KCnepHMeHTOM. 

Hjih IV miarpaMMbi nayMeHo aminme rnyGHHbi ypoBKH Zn f . flpHHMMaH 
ee paBHOH M),l aB juir Znf [113, 110, 131,95], mo>kho BbiGpaxb rnyGn- 

Hy BToporo ypoBHH Zn'i ^Zn f : *paBHOH 0,2 hjih 0,36 3B. OuHaKo npeuno.no}Ke- 
Hue o Gonbrnen rnyGnne ypoBKB Zn," xyxæ cornacyexcH c 3KcriopwMeHTOM. 
KpOMe to ro, cpaBHeHne nepBoro, Bioporo h ipeTbero HOHH3aunoHHbix noTeH- 
UManoB aioMa uiiHKa raKxce 3aciaBJiHer Hac oTuaTb npeAnoHTeHue h / n % ^ 0.2 aB. 
TIpHMepHo TaKoe xæ 3HaHCHHe rJivØHHbi ypoBHH Zn } <z Zn* uaim h Hccne/ioBa- 
HRH npOBOOTMOCTH CyJIb<])Hfla UHHKa [130- 132]. 

TaKHM o6pa3CM, 3KcnepHMeHTajiMibic uaHHbie no3BOJiHK)T 0AH03HaHH0 
BbiOpaTb b Ka^eciBe onTMMajibHoro BapnaHTa UHarpaMMbi IV BapnaHT (cm. 
pnc. 1.9).Bbi6op 3Toro BapHaHTa no/iiBepxcuaeTCH h npH aHariH3e 3JieKTpo(})H- 
3 HMCCKHX CBOHCTB ZnS. 

PaCCMOTpHM COOTBeTCTBHe IV UHarpaMMbi HeKOTOpblM CBOHCTBaM 

ZnS, Unn cyjib<})HAa ukhk 3 , nporpcroro b napax UHHKa, xnnHHHa rouyGan 
CaMOaKTMBHpOBaHHaJ? JIKJMHHeCUCHUMa, o6H3aHHaH A-UeHTpaM {Vzn * Zn/} 7 . 

CorJiacHO pnc. 1.9, IV AnarpaMMa npeunojiaraeT b 3thx ycJiomiflx oGpasoBa- 
hmc xaKMx accouHaTOB. B napax cepbi KOHueHTpauHH /myKpaTho aapHHcemibix 
BaKaHCHH UHHKa, corjiacHo AnarpaMMbi, yMCHbisiaofCH, m nojroMY Gonbinyio 
pojib b JirøMHHecueHUMH cyjib<j>HAa UHHKa, oOoramcHHoro cepon (ZnS S), 
Ao;ix<Hbi nrpaTb aKuemopHbie ypoBHH V 7n . yqacxne rjiyOoKnx ypoBHCH Heac- 
COHHHpOBaHHblX Ue(})eKTOB V 7n BepOHTHO B UHUHMOH : i IO MH HCClieHIXHM (CM. 

pHC. 1 .5 ) . 

ripn o6pa30BaHHJi accounaroB H3 Vzn-, ^z n * w Zn}'- ueifeKTos, npeoQjiauaio 
llihx b lUHpoKOM unanaaoHe A^BneuMH napoB cepbi h b HCHxpan lhoh axMoccpepe, 
Moaaio ovKuuaTb jihGo uonHoro yiuuickkh HOKaJibHbix 3 Hc pre th i ^e ckhx ypoBHen 
coGcTBeHHbLX uecfceKTOB H3 sanpemeHHOH 30Hbi [79] , jihGo cymecTBeHHoro 
npHGnHxceHHH hx k KpanM 3 oh c ynacTHeM t3khx accouHaxoB b KpacBOM csene- 
hum ZnS. Hb a røna HeaccouKHpoBaHHbix Me>Ky3enbHbix aroMOB Zn, : m Znj’ ; ko- 
Topwe Moryr nrpaib poub JioEyiueK jjieKxpoHOB, ho-bhuhmom> , npoHBJimoxcfl 
b TepMOBbicBeMMBaHHH. TaK, corjiacHo [148, 149], b xepMOBbiCBemiBaHHH 
bcjichoh (510 hm) nojioefei npeoojiauaeT MaKCHMyM npn 155 K. cooTBeTCTByio- 
uiMM ocKOBHbiM ypoBHHM 3anacaHHii CBerocyMMbi b HeoGpaoofaHHOM b napax 
KGMnoHeHioB ZnS. 3 tot hhk coxpaHHeTcn h ua>Ke HecKojibKo 303pacxaeT no 
HHTeHCMBHociM b cnyHae oGpaGoTKH KpHCTanjTOB b napax cepbi. XepMooopa- 
GoTKa b napax UHHKa peaKO ycHJiMBaeT hm3koi eMnepaiypHbiH r^iaKCHMyM 
TepMOBMCBCTMBaKHH (M0-125 K) [116, 148], ciraGo HaMenaioiuHHCH h b 
ncxoAHbiX npenapaxax. fToHBjieHHe MaKCHMy mob npn 1 10 h 155 K CBH3biBaercH 
[148] c npncyTciBHCM b ZnS MexcyaenbHoro uMHKa, nocKOJibKy BbicoKoxeM- 
nepaxypHbiH nwK npM 155 K moxcho conocxaBHTb c Zn/‘-noByniKOH, a Zn} bo3hh- 
KaeT TonbKO npH naGbiTKe UHHKa b oGbeMe KpHcxajruia hjih b eneUH(])KHe ckhx 
vcjiobhhx Ha noBepxHocxH ZnS. 

3HaHKTenbHan KOHueHTpauHH Mex<y3ejibHoro UHHKa b ZnS c iHepruHMH 
HOHHsaunH 0,1-0,2 aB no3BonneT c^MTaTb, hto oh GyueT HrpaTb ocHOBHyio 
pOJIb B 3JieKTponpOBOUHOCTH KaK MøJIKHH UOHOp. 110JIO)KeHMe ypOBKH OepMH 
cornacHO hh 3 KoTeMnepaiypno h IV unarpaMMe uouxcho onpeuennTbCH ypOB- 
hhmh npeoGnauaiomHx uetJjeKTOB. CornacHO 3thm npeucTaBJieHHHM, ZnS, 
oGoraiueHHbiH uhhkom, uojixceH hmctb n-mn npoBOAHMOCTK. TonKa p ^-paBHo- 
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BecHH Ha AnarpaMMe Jiexcnx b o&iacxn uaBneHHH napoB cepbi nopHUKa 10 1 
10” 2 aiM, x.e. p-TKD npoBOAHMoexH ZnS Moxcex 6brrb nonyqeH nyxeM oxxcnra 
KpHCTaJUioB b napax cepbi npn P$ > 10 _1 aTM. npH 3tom ecun n-rvin nposopu- 
MOCTM HHCTCrO CyJlbtJjHUa UHHKa MOTKeT 6bIXb CBH3aH c HOHH3aUHCH MeJIKHX 
AOHopoB Zn, : , xo p-xnn onpeueJiHexcx aKuenropaMH V' Zn cg cpasHHxenbHo 
rjiySoKHMH ypoBHBMH, noaxoMy BenHHHHa Abipo^moH npoBOUHMOcxn ZnS 
npH peajibHbix uaBJieHHHx napoB cepbi Mana. B oSnacxn uaBJieHHH, 6jih3Khx 
k P UiiC) cyjib<j)HU UHHKa no 3JieKxpHqecKHM CBOHcxBaM uonxceH 6bixb noqxn 

H30UHXOpOM. 

OiKjioHeHHe ox cxexHOMexpHH cyjib(^Hua UHHKa b oGnacxH SojibiiiHx uaBJie- 
hhh cepbi uocxHraexcH b pe3yjibxaxe oøpaaoBaHMH TBepubix paciBopoB Bbiwra- 
hhh ( V' z n ) , a npH H36brroqHbix uaBJieHHftx napoB uhhkb - XBepubix pacxBopos 
BHeupeHHH (Zny h Zn;*). BenHHHHa oxKjioHeHHH ox cxexHOMexpHH, nonynenHan 
no AHarpaMMe, HaxounxcH b pa3yMHOM cooxbcxcxbhh c npeucxaBJieHHHMH 
06 o6nacxw ro mo rei mo cxh b coeuHHeHHHx A 2 B 6 . B qacxHOcxn, b pa6oxe [150] 
KOJiHueciBO H36bnonHOH Hau cxexHOMexpHqe ckmm cocxaBOM cepbi b ZnS 
oueHHBanocb KaK 8,7 ■ 10 18 cm ” 3 , a UHHKa — Ha noprøGK MeHbiue. 

Jlnn oueiiKH H3MeneHHH KOHuenxpauHH ue(})eKTOB b ZnS c uaeneHHeM napoB 

KOMnOHCHXOB Mbl HCnOJIbSOBajIH T3KHCe H3MeH6HHH TOIOTKOCTH MOHOK pHCtaJI - 
jiob nocne xepMoo6pa6oxKH b napax cepbi [151], ConiacHo^a3CBbiM paBHOBe- 
chbm ZnS—ZnO—ZnS0 4 , paccMOxpeHHbiM b pa3U. 1.4, b pe3yjibxaxe paBHOBec- 
Horo oxHcnra ZnS b napax cepbi npn P$ 2 = 5 ^ 10 utm h 1423 K couepxcaHne 
pacxBopeHHoro Kncnopoua b HeM mchcct 6wxb yMeHbmeno uo 10 18 cm" 3 . 
B 3 xom aiyqae bjihhhhc KHcnopoua na ruioiHocTb ZnS npeHeOpexcHMO Mano 
(cm. pa3u. 3.8), h Ha&mouaeMoe 3KcnepHMeHxajibHO yMenbiuefiHe iuioxhocxh 
[151] b AHana30He AaBJieHHii ^ = 5-H4 axM (cm. uajiee pHC. 1.18, KpHBan 2) 
GØHsaHo HCKnioqHxenbHO yBejiHqeHHio b HeM k 0 HU,e ht paiiHH BaKaHCHH. B 3iHx 
ycnoBHHx npeoGjiauaiox BaKaHCHH uhhkb V Zr) . M3MeHeHne hjiothocxh Ap = 
= 4 • 10" 4 t/cm 3 b unana30He uaBJieHHH 5-14 axM cooiBexcxByex H3MeneHHio 
KOHueHipauHH BaKaHCHH UHHKa A[F Zn ] = A pN/A « 4 * 10 18 cm” 3 , rue N h 
A - mmcjio ABoraupo h axoMHan Macca UHHKa. IlpH6jiH3HTejibHo xaKoe xce 3Hane- 
HHe Ap uaex IV unarpaMMa. 

Pe3yjibiaxbi pacnexa xeMnepaxypHOH aaBHCHMoexH paBHOBe chh coScxBenHbix 
roqeuHbix uecfreKTOB pjw onxHMajibHoro IV BapnaHxa unarpaMMbi npHBeueHbi 
na pHC. 1.9. B KaqeciBe npHMepa noKa3aHbi unarpaMMbi. xapaKTepH3yioiuHe 
H 3 MSHeHHe oOiuen KapiHHbi ue4>eKxoo6pa30BaHHH b ZnS b HHxepBane ox 900 
uo 1800°C. Ha unarpaMMax oxMeqeHbi xapaKxepHbie xo^kh, cooTBexcxByKnuHe 
uaBJieHiiio unccouHauHH (P a HC ), cxexMOMexpHqecKOMy cocxasy (A C " 0), 
paBeHcxBy KOHueHxpauHH aneKxpOHOB h UbipoK (n - p) h H3MeHCHHK> xnna 
uecJ)eKxoB (Z lt Z 2 , Z 3 ). Ajik cyjiwjwua UHHKa na OonbuiHHcxBe unarpaMM 
b HHxepBane uaBJieHHH ox P$ 2 =100 axM uo P z n =100 axM oTMenaexcn ouna 
xoqKa H 3 MeHeHHH xHna uecJjexxoB Z 2 . C noBbmieaneM xeMnepaxypbi pacnexa 
paBHOBecHH oHa CMemaexcfl b cxopoHy GonbuiHX uaBJieHHH umnca. IIpM K36bix- 
Ke UHHKa HaåniouaexcH Bxopan xo*oca H3MeHeHH« xnna uecJjeKXOB Z 3 . Ecjih 
xeMnepaxypa pocxa KpHcxanna Bbirne 1500° C U uaBJieHiie napoB cepbi 6ojibme 
1000 axM, bo3mo5kho noHBJieHHe eme ouhoh iohkh H3M6HeHHH inna uet}>eKxoB 
Z x . TaKHe ycnoBHH nonyqeHHH ZnS • S p-xwna mo ryr 6brrb peanH30BaHbi 
TOJibKo npn xepMoo6pa6oxKe b aKXHBHpoBaHHbix napax cepbi [107]. 

TeMnepaxypHbie 3aBHCHMocxH KOHueHxpauHH pa3JiHqHbix ranoB ue<J>eKX0B 
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Phc. 1.10. TeMnepaTypHbie 3aBHCHMOCTH KOHueHTpauHfl pa3JiHHHwx thiiob uetjieKTOB npw 
uaBJieHrøx napoB uhhk3 1 aTM (7), cepbi 1 aTM (2) h UaBJieHHH UHecouHauHH (5) 

Phc. 1.11. OTKjioHeHHe ot cTexHOMeTpHH A C cynwJjHua UHHKa b 3aBHCHMOCTH ot uaBJie- 
hhh napoB UHHKa npw pa3Hbix TeivinepaTypax (UH<t>pbi y KpHBbix b °C); Ha Bpe3Ke - 
3aBHCHMOCTb TOMKH CTCXHOMeTpHH AC = 0 OT TeMnepaTypbl H UaBJieHHH napOB UHHKa 


npHBeueHbi Ha pwc. 1.10. KaK bhuho H3 pHcyHKa, kohucht pauHH BaKaHCHH 
cepbi, xoth h BO3pacTai0T c TeMnepaTypofi na uiedb nopBjuKOB, oupaKo He npe- 
BbimaioT 10 15 —10 16 cm” 3 , T.e. npeoOnauaioT BaKaHCHH UHHKa. KoHueHTpauHH 
hx npHOjiHxcaeTCH k 10 20 cm” 3 bGjihsk TeMnepaTypbl miaBJieHHH ZnS h MoaæT 
6biTb noHHJKena npHMepHo Ha 3 nopauKa npw 900° C b napax cepbi, UHHKa hjih 

npn P mc - 

KoHueHTpauHH uoHopoB Zn* h Zn} pe3Ko yMeHbiuaeTCH c poctom TeMnepa¬ 
Typbl npn no ctohhhom uaBJieHHH napoB uhhkb, b x eicthocth paBHOM 1 aTM 
(cm. PHC. 1.9). B yCJIOBHHX MaKCHMajlbHOTO H 36 bITKa UHHKa UOHOpHbie UeHTpbl 
npeodnauaioT Hau V Zn npn hh 3 khx TeMnepaTypax, nanpHMep 900°C, ho c no- 
BbnneHHeM TeMnepaTypbl KOJiHHecTBeHHO Ha^HHaioT ycrynaTb hm. OGnacib 
UaBJieHHH napoB uhhkb, b npeuenax Koiopon MoaæT 6 biTb nonyneH ZnS n-Tuna, 
pe3KO H3MeHneTCH c TeMnepaiypon. TaK, npn 900°C OHa cooTBeTCTByeT HHTep- 
Bany UaBJieHHH napoB uhhkb ot 10 " 2 uo ~~ 10 2 aTM, npn TeMnepaType 1150°C 
coKpamaeTCH BUBoe, a b6jih3h TeMnepaTypbl iuiaBJieHHH ZnS HC*ie3aer. 

Ouhkm H3 BaxcHeHiiiHX ranoB ue4)eKTOB b ZnS (cm. pnc. 1.9; 1.10) hbjihiot- 
ch aKuenTOpbi V Zn , KOHueHTpauHH KOTopbix npn 1800°C h P$ 2 = 1 aTM npH- 
OnnxcaeTCH k 10 20 cm” 3 . Ilpn 3 Tom KoHueHTpauHH V Zn b ZnS Jinuib HeMHorHM 
npeBbmiaeT KoHueHTpauHH) Zn}\ mo Moxcer noBJiHHTB Ha KommecTBo KOMiuieK- 
cob, o6pa3yioiuHxcH H3 3thx 3apn>KeHHbix ue4>eKTOB. HecJioxcHO noKa3aTb, 
HTO KOHUeHTpaUHH BKUenTOpHblX UCKTpOB THna V Zni , He CBH3aHHbIX C Zn/ # , 
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Pnc. 1.12. M3MeHeHwe noJioxæHHfl ypoBHH OepMH, paccqHTaHHoro npw 300 K no flwarpaM- 
mum pHc. 1.9, b 3aBHCHMocTH ot flaBJieHHH napoB irøHKa npw TeMnepaTypax 900 (7), 
1150 (2), 1500 (S) h 1800°C (4) 


npMMCpHo na nojinopnflKa MeHbine hx oåmeH KOHfleHTpauHH. M3 3Toro cJieflyeT, 
qro nonyHeHHe ZnS . p-rana BOJiHe peajibHo. ToHKa n = p, cyflH^o flnarpaMMaM 
n mcoK oieMnepaiypnoro paBHOBecHH, pacnonoacena b oOJiacTH, ariH3KOH k P mc . 
')to cornacyeTCH c H3BecTHbiMH JiHTepaiypHbiMH flaHHbiMH [105]. 

3aBHCHMOCTb BeJIHMHHbl OTKJIOHeHHH ZnS OT CTCXHOMeTpHH (A C) , OT TeM- 
neparypbi h flaBJieHHH napoB Zn noKa3ana Ha pnc. 1.11, H3 KOToporo CJieflyeT, 
*no b ycnoBHHx pocra npn 900° C tomkb ctcxhoM eTpHH (A C = 0) flocTHraeTcn 
lipn He6oJlbIHOM H36bITOqHOM flaBJieHHH UHHKa HJ1H B6JIH3H P flHC . IlpH noBbime- 
unn TeMnepaTypbi Bbirne 1500°C TpeOyrøTCH 3HaHHTejibHbie flaBJieHHH napoB 
MiiiiKa flnn nony^eHHH ZnS crrexHOMeTpHMecKoro cocTaBa. Hjih peanbHbix 
ycJioBHH pocTa b HeHTpaJibHOH aTMOC(J)epe h T> 1000°C thhhhho oTKJioHeHHe 
Ol CTeXHOMeTpHH B CTOpOHy H36bITKa Cepbl. OhO flOCTHraeTCH H3-3a GOJlbUIOH 
KOHfleHTpauHH V Zn . OGnacTb ro mo reHHocTH coeflHHeHHH, KOTopan MoxceT 6biTb 
imcTpoeHa no 3 thm flaHHbiM, 6yfleT cMemeHa b cTopony H36biTKa cepbi. Ctcxho- 
mc i pHMiecKHH cocTaB flOCTHraeTCH TOJibKO c noHHxæHHeM TeMnepaTypbi npn 
n jOmtomhom flaBJieHHH napoB UHHKa. IlosTOMy HK3KOTeMnepaTypHbiH pocT 
/nS, no-BHflHMOMy, nanGonee GjiaronpHHTeH flnn nojiyneHHH KpHCTajuioB cTe- 
KHOMeTpH^eCKoro cocTaBa. BenHHHHa otkjiohchhh ot CTeXHOMeTpHH b CTOpOHy 
m )6biTKa cepbi flJiH ZnS flocrnraeT 10 20 cm -3 npn P$ 2 = 100 aTM h ne npeBbi- 
maeT 10 18 cm‘ 3 b CTOpOHy H36biTKa UHHKa npH P Zn = 100 aTM. 

CyJib<})Hfl UHHKa, nonyqenHbiH b flHana30He flaBJieHHH napoB ko MnoHeHTOB 
ot Z 2 flo Z x (cm. pnc. 1.9), cneflyeT othccth k BbicoKOOMHOMy MaTepnany, 
ccjih b 3toh oGnacTH cpaBHHTenbHo Mana KOHfleHTpauHH aKuenTopoB V Zn . 
OOnacTb BbicoKooMHoro ZnS cyxcaeTcn c noBbimeHHeM TeMnepaTypbi. 

JJflH b bico koomhoh o&iacTH xapaKTepHa OojibinaH KOHfleHTpauHH aKuenTO- 
poB V Zn . Ohh flaioT rnyOoKHe ypoBHH b6jih3h cepeflHHbi 3anpemeHHOH 3 ohm 
ZnS. HBjiHHCb flonojiHHTejibHbiMH KananaMH peKO m6hhhuhh, TaKHe ueHTpbi 
O l pHflaTenbHO BJIHHIOT Ha KBaHTOBblH BblXOfl JHOMHHeCfleHflHH B yCJlOBHHX reHe- 
paflHH [152]. y MeHbUieHHK) KOHfleHTpauHH TJiyGOKHX fleHTpOB, CpeflH KOTOpblX 
b ZnS npeoGnaflam V Zn , cnocoOcTByeT b ochobhom yMeHbineHHe TeMnepaTypbi 
h b MeHbineH CTenenn yBejiHMeHHe flaBJieHHH napoB cepbi (cm. pnc. 1.9; 1.10). 

3. 3an. 1370 
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Ha pHc. 1.12 npeAcraBJieHO H3MeHeHHe noJiOKCHHH yponmi <IV|»mh n cynb- 
(Jmue UMHKa, nojiyneHHOM npw paaHbix uaBJieHHHx napoB komiioiichiob h 
TeMnepaiypax. OueHKa nojio>KeHHfl ypoBHH <PepMM cuenana 110 cooimoiiicmmhm 
KOH ueHTpauwH ouhoto h Toro xce rana uecfreKTOB b pa3Hbix 3apHuoHi>ix coctoh- 
HHHX. YpOBeHb <DepMH B yCJIOBHHX nOJiyMeHHH BblCOKOOMHOro ZllS lIpaKTH- 
MecKH 3aKpeiuieH bGjuoh cepeflHHbi 3anpemeHHOH 30Hbi Ha V Znt a jpin ZnS 
p-rana - Ha V' Zn . H3MeHeHHe nojioxceHHH ypoBHH (DepMH npH nepexouc qepe3 
OOjiaCTb OtZ 2 kZi (cm. pHC. 1.9) npHBOUHT K H3MCHCHHK) 3apflUOBOrO COCTOH- 
hhh BaKaHCHH cepbi: nepexonflT b h uajiee b Kg. flByKparao 3apHaceH- 

Hbie BaKaHCHH cepbi CTaHOBflTCH eUHHCTBCHHblM THHOM 3THX fle(|)eKTOB npH 
npeueJibHO bmcokhx uaBJieHHHx napoB cepbi. 3 tot ran BaKaHCHH cepbi 6bui 
o6Hapy>KeH 3KcnepHMeHTajibHO b ycnoBHHx aKTHBHpoBaHHoro OTxcnra b napax 
cepbi [107]. OicyTCTBHe CHraana 3nP F-ueHTpoB b HeB036yxcueHHbix Kpnc- 
Tajuiax cyJib<})Hna UHHKa [84] , o6pa6oiaHHbix b napax UHHKa h BaKyyMe, 
comacyeTCH c (JiaKTOM cymecTBOBaHHH b 3rax ycnoBHHx BaKaHCHH cepbi b BHue 
HeHTpanbHbix ne^eKTOB p* (cm. pnc. 1 .9). 

1.4. KHCJIOPOU B eynbOHAE UHHKA 

CyjibtJmu UHHKa Bcerua couep>KHT KHCJiopou* 3arpH3HHioiuee B03ueHCTBHe 
aiMOc^epbi, cnocoOHocib cyjibijmua uhhkb k oKHCJieHHio, a raKxce HeoOxouH- 
MOCTb KOMneHCaUHH HCKaxCeHHH, BHOCHMblX COGCTBeHHblMH Ue(])eKTaMH CTpyK- 
Typbl H npHMeCHMH, cnOCOGCTByiOT HeKOHTpOJIHpyeMOMy BXOXCUeHHIO KHCJIOpO- 
ua b pemeTKy ZnS. 0 chobh biMH (})opMaMH npKcyrcTBHH KHCJiopoua b cyjib(pH- 
ue UHHKa (ne nernpoBaHHOM HHOBaneHTHbiMH npHMecHMH) cwrarøTcfr. TBep- 
UbiH pacTBop ZnS • O h BbiueJieHHH ZnO • S. Bjihhhhcm cKonjieHHH KHCJiopoua 
B6JIH3H AHCnOKaUHH Ha paCTBOpHMOCTb 3TOH npHMecH B ZnS M05KH0 npeHeS- 
pe^ib, tbk KaK npH iuiothocth uncjioKauHH 10 5 cm -2 hx BKjiau b o6mee 
couep>KaHHe KHCJiopoua ~ 10~ 6 moji.% [153]. Ha ue(})eKTax ynaKOBKH cKonne- 
HHH KHCHOpOUa 4>aKTHqeCKH HBJIHIOTCH COCTaBHOH qaeTbH) HeOUHOpOUHOH 
Maipnubi c noBbnneHHbiM couepxcaHneM 3toh npHMecH b omenbHbix cjiohx. 
KaK mm noKa>KeM HHxce, cTa6HJibHocTb h ran TBepuoro pacTBopa KHCJiopoua 
B ZnS OpraHHqeCKH CBH3aHbI C Ue4)eKTaMH, B03HHKai0IUHMH npH OTKJIOHeHHH 
cocTaBa coeuHHeHHH ot cTexHOMeipHH. 

CornacHO uaHHbiM [154—156], npH pacTBOpeHHH KHCJiopoua b ZnS o6pa- 
3yeicn TBepubiH pacTBop 3aMemeHHH. PaCTBOpHMOCTb ZnO b ZnS cpeun orpa- 
HHMeHHblX TBepUblX paCTBOpOB aHHOHHOTO 33MemeHHH Me)KUy COeUHHeHHHMH 
A 2 B 6 (ia6n. 1.4) xapaKTepH3yeTcn cpeuHen BeJinnHHOH 1-2 moji.%. Ajih 
upyrax CHcieM, nanpHMep ZnS h ZnSe b Tejuiypnue uhhkb (h ZnTe b ZnS, 
ZnSe), B33HMHaH paCTBOpHMOCTb HecKOJibKO Bbime h uocraraeT 5—27 moh.% 
no pa3HbiM Hdo^HHKaM (Ta6n. 1.4). CyiueciBeHHo MeHbinan BeJinnHHa B3aHM- 
hoh pacTBopHMOCTH oTMenaeTCH Mexcuy ZnTe h ZnO. Hjih xajibKoreHHUOB 
h okhcjiob KauMHH Bonpoc 3tot HeuocTaioiiHO H3yncH. PacTBopeHHe ZnO 
b ZnS npHBOUHT k yMeHbineHHK) napaMeipoB KpHCTajuiHHecKOH peineTKH 
ZnS-Os, xaK kbk 3<})<j)eKraBHbiH paunyc KHCJiopoua MeHbine, neM cepbi. 
PeHTreHocTpyKTypHbiH anajiH3 b cbh3h c 3thm cwraJicH MeiouoM, no3BOjiHio- 
iuhm onpeuennTb kojihmcctbo pacTBopeHHoro b ZnS KHCJiopoua no yMeHbine- 
hhh) napaMeipoB peineTKH. IlpHBeueM Hamn u^HHbie no onpeueneHHrø kohucht- 
pauHH pacTBopeHHoro KHCJiopoua b ZnS mctouom peHireHodpyKTypnoro 
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Ta6jiuvfl 1.4. B3aHMHan pacTBopH moch» coenHHeHHii A 3 B 6 c oOpaaoB&HHeM TBepaux 
pacTBopoB Ha ocHOBe 3aMeuieHHH aHHOHOB [ 11, 158-171] 


MaTpnua-pacTBopH- PacTBopemaa npHMecb — KOHueHTpauHH, moji.% 

Tenb 


ZnO 

ZnS - 0,3 

ZnSe - ? 

ZnTe 

-Hp 

2//ZnS 

ZnO - 1,2 (1300 K) 

ZnSe - Hr 

ZnTe 

-20,0 
- 8,0 

3CZnS 

ZnO - 0,8 (1300 K) 

ZnSe — Hr 

ZnTe 

- 10,0 

ZnSe 

ZnO - 2,0 (1770 K) 

ZnS - ht 

ZnTe 

- Hr 

ZhTe 

ZnO - 10 3 (-Tm) 

ZnS - 27,0 
-5,0 

ZnSe 

-5,0 

CdO 

CdS - Hp 

CdSe - Hp 

CdTe 

-Hp 

CdS 

CdO-? 

CdSe - Hr 

CdTe 

- Hr 

Cd Se 

CdO - ? 

CdS - Hr 

CdTe 

- Hr 

CdTe 

CdO - ? 

CdS - HT 

CdSe 

-Hr 


n PH Me 43 HH e. ABe uH(J)pbi — naHHbie pa3Hbix hctowhkob; Hp — He pacTBo pHMaa 
npHMecb; Hr — HeorpaHHweHHaH pacTBopHMocTb npuMecH; BonpocHTeJibHbm 3 hsk - oTcyT- 
CTBHe naHHbix. 
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aHajiM3a. 3 th AaHHbie no3BonnnH yioqHHTb pa3Mepw h (J)opMy 3neMeHiapHbix 
nqeeic 2//ZnS h 3CZnS, a Taioice KpHTHqecKH oueHHTb bo3moxchocth h Herø- 
craiKH peHTreHOCTpyKTypHbix HceneAOBaHHH npncyT ctbhh KHCJiopoaa b cyjib- 
c})MAe UMHKa. 

flnn onpeAeneHHH coAepxcaHHH pacTBopeHHo ro KHcnopoAa b TBepAOM pacT- 
BOpe ZnS • O Mbi Hcnonb30BanH AeGaer^Kyio moah^huhpob aHHyio MeTOAAKy, 
onHcaHHyro b pa6oie [157]. OHa no3Bonnna c AOdaioqHon ToqHocTbio onpeAe- 
jiHTb napaMeipbi peinericH b HecoBepineHHbix CHnbHonernpoBaHHbix KHcnopo- 
AOM nopouiKax ZnS c yqeTOM Ae<J>eKTOB ynaKOBKH. ToqHocrb onpeAeneHHH 
napaMeTpOB b 3aBHCHMOCTH ot coAep>KaHHfl KKcnopoAa H3MeHHjriacb b npeAenax 
10“ 6 — 10 ~ 4 hm. HccnenoBaHHH npoBOAHnncb Ha npenapaiax, nernpoBaHHbix 
KHCJiopoAOM npw 700—1250° C c H36biTKOM AHHKa. CornacHo pe3ynbiaiaM 
Harnero pacqeia (cm. pwc. 1.9), KOHueHTpauHH npeoGnaAaiomero rana Ae<l>eK- 
tob Zn,- b TaKHx npenapaiax He 6onee 10 18 cm - 3 , noøTOMy BHOCHMan hmh no- 
rpeniHocTb b onpeAeneHHe napaMeipoB He 6yAeT npeBbnnaib 5 • 10~ 6 hm 
[ 172]. KpoMe Mexcy3ejibHoro uhhkb, yBenHHHBaiomero napaMeip ZnS, b tbkhx 
npenapaiax BejiHKa KOHueHTpauHH yMeHbinaiomHx napaMeipbi peiueTKH BaKaH- 
CHH V Zn (CM. pHC. 1.9). B ueJlOM BJIHHHHeM C 06 dBeHHbIX TOqeqHblX Ae(})eKTOB 
moxcho npeHeOpeqb. 

flnn onpeAeneHHH (no 3aKOHy BerapAa) KOHAenipaimH pacTBopeHHoro 
KHcnopoAa [ZnO] (b Mon.%) Hcnonb30Banncb 3aBHCHMOCTH Ann Brøpmua: • 

a = 3,8260 - 0,5770 • 1(T 2 [ZnO], 

c = 6,2615 - 1,0565 • 10' 2 [ZnO] 
h ahh cc})anepHTa: 

a = 5,4092 - 0,8584 • 10~ 2 [ZnO], 
rfle ftiiH ZnO napaweTp ycnoBHOH KyflHMecKOH HqeHKH a K =4,5508Å paccwiaH 


( 1 . 11 ) 

( 1 . 12 ) 
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no TeopHH ruioTHeHiiiMx uiapoBbix ynaKOBOK: 

Øk = ( c Zno y/3/2 + a Zn0 s/l) 12. (1.13) 

3HaneHHH napaMeTpOB pemeTKH okhch umhkb a ZnQ = 3,2490 Å w c Zn0 = 
= 5,2050 Å {c/a = 1,60203) B3Htw H3 JiHTepaTypHbix hctomhhkob, aocraTOMHo 
xoporno cornacyioiuHxcH Me>KAy coSoh. MaKCKManbHan norpeiiiHoeTb onpeae- 
neHHH KOHueHTpauHH KHCJiopoaa He npeBbixnajia 0,05 moji.% npn ypoBHHx 
jierMpoBaHHH nopnaKa 1 moji.%. 

BejiHMHHbi napaMeTpOB pemeTKH cyJib^Haa mmKa, HMeiomHecH b JiHTepaiy- 
pe, 3HaqHTenbHo pa3JiHMaioT ch Me>Kn,y co6oh [154-156]. rio3TOMy napaMeTpw 
pemeTKH oth ”6ecKHCJiopoAHoro” cyrib<})HAa ixhhkb 6mjih BbiOpaHw Ha ochobc 
anajTH3a JiHTepaTypnwx aaHHbix h npoBeaenHbix hbmh HccneaoBaHHH napaMeT¬ 
pOB HHenKH MOHOKpHCTajmoB h noponiKOB ZnS, noJiyneHHbix pa3HbiMH MeTo- 
jDtaMH hjih TepMoo 6pa6oTaHHbix b napax komhohchtob. IlpHHHTbie Ha mm 3aBHCH- 
mocth (1.11) h (1.12) napaMeTpOB pemeTKH BiopuKTa h c^anepnia ot koh- 
ueHTpautHH pacTBopeHHoro KHcnopoaa cpaBHHBaiOTCH c JiHTepaTypHbiMH aan- 
HblMH Ha pHC. 1.13 H 1.14. 

KoppeKTHOCTb cAenaHHoro hbmh BbiOopa bcjihmhh ane Brøpium noAJBepxc- 
aaeTCH TeM, mto KonueHTpauHH pacTBopeHHoro KHcnopoaa, nonynaeMbie ann 
KOHKpeTHbix o6pa3uoB no KpHBbiM 1 h 2 pHc. 1.13, coBnaaaioT. 

KaK oKa3ajiocb, pemeTKH c<}>anepHTa h BrøpaHTa npHHUHnHajibHo no-pa3HOMy 
pearapyiOT Ha H3MeHeHHe kohucht pauHH KHcnopoaa. Hjth BiopaHTa nernpoBa- 
HHe KHcnopoaoM npH TepMoo6pa6oTKe b napax irøHKa npHBoaiiT k yMeHbine- 
hhk) ae(})eKTOB ynaKOBKH, KOTopwe b BiopuMTe cooTBeTCTByrøT 3C-nocneaoBa- 
TeJibHOCTH. 3to oObHCHHeTCH tcm, mto Kncnopoa cnocoøcTByeT nepecTpoince 
crpyKTypbi 3 C b 2H. Cyaa no aeOaerpaMMaM, crpyKTypa tbkhx o6pa3aoB 
2//ZnS H OTHOCHTeJIbHa» HHTeHCHBHOCTb BCex KOnea COOTBeTCTByiOT BiopaHTy 
6e3 KaKHx jih6o aHOMaJiHH [173]. TepMOo6pa6oTKa nopomKOB 2//ZnS b na¬ 
pax cepw c uejibio yMeHbiueHHH coaep>xaHHH pacTBopeHHoro KHCJiopoaa b hhx, 
HaoOopoT, npHBoanT k B03HHKHOBeHHK) ae<t>eKTOB ynaKOBKH c xapaKTepHbiM 
paaMbiTHeM pe<i>JieKcoB h - k i= 3n . KpoMe to ro, KaK 6yaeT noKa3aHo b tji. 4, 

B 3THX yCJlOBHHX B03M0>KHbI OKCHaHbie BblAeJieHHH. 

XLfih c^anepHTa pacTBopeHue KHCJiopoaa, aaace npn TepMoo6pa6oTKe b napax 
UHHKa, odnemaeT B03HHKHOBeHHe aByxcnoHHOH nocneaoBaTejibHocTH, T.e. ae- 
4>eKTOB ynaKOBKH. UocjreaHee oObHCHHeTCH ae^opMHpyiomHM neficTBHeM 
KHcnopoaa b yanax peineiKH ZnS Ha cipyKTypy, b mbcthocth yBennMenneM 
ann 3CZnS Q oTHomeHHH 2d in /cf 11 o c jiernpoBaHHeM KHcnopoaoM, b to 
B peMH kbk zyiH 2H ZnS oho vMeHbmaeTC h. B pe3yjTbTaTe BBeaemte pacTBopeH- 
Horo KHcnopoaa b cc})anepHT conpoBOxcaaeTCfl yBeJiMMemieM cTeneHH ae(]>eKT- 
hocih crpyKTypbi, yBennMCHMeM KOHaeHTpaimH ae<t>eKioB ynaKOBKH. Ecjih 
yMeHbmaTb KOHueHTpaaHio pacTBopeHHoro KHcnopoaa b ctfcanepHTe TepMOOøpa- 
6 otkoh b napax cepw, to kojihmcctbo ppfyeKiOB ynaKOBKH, cyanno pemreHO- 
rpaMMaM, yMeHwnacrcH, tcm He Meaee oGHapyxcMBaeicH c A2Bnenne m napos 
cepw ymnpenne Bcex KOJieu h ocobeHHO npn 6 ojiwhhx GporroBCKHx yrnax 
[173]. McCJieaOBaHHH B paCTpOBOM 3JieKTpOHHOM MHKpOCKOne nOKa3bIBaK)T, 
mto b o6pa3aax ZnS ■ O, nporpeTbix b napax cepw, B03HHKaioT oKcnanbie 
BbiaeneHHH (cm. aanee pa3a- 4.5) . 

PaccMOTpeHHbie npoueccw He 6e3pa3nHMHw ann H3yMeHHH MexcnnocKocTHbix 
paccTOHHKH TaKHx o6pa3UOB, nocKOJibKy ae4)eKTw ynaKOBKH b c^anepHTe 
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Phc. 1.13. 3aBHCHMOCTH napaMerpoB pemeTKH Biopiurra a {1,V h 3 ) h c (2,2' h 4 ) ot 
KOHueHTpamni pacTBOpeHHoro KHcnopofla 

7,2 cooTBeTCTByioT ypasHeHHUM (1.11); J',2' — 38bhchmocth no BerapAy H3 [156]; 
3,4 — nojiyMeHbi b [156] no AarøbiM XHMHHecKoro aHanH3a 

Phc. 1.14. 3aBHCHMOCTb napaMerpa pemeTKH c^ajiepHTa ot KomieHTpaiiHH pacTBOpeH 
Horo KHcnopofla 

2 cootb eTCTByeT ypaBHettHK) (1.12); 2 — 3&bhchmocti> h3 [ 174 ] ; 3KcnepHMeHTaJib- 
Hwe tomkh nonyweHbi hbmh hjih nopouiKOB ccJjaiiepHTa, KOHueHTpauHH KHCJiopoøa b ko- 
Topbix onpenejumacb aKTHBaijHOHHbiM aHanH30M 

Phc. 1.15. TeMnepaTypHan 3aBHCHMOcn» pacTBOpHMocTH KHcnopofla b cyjn»4)HAe uHHKa 
1 — oaHHbie aBTOpOB; 2 - H3 pa6oTbi [154]; 3 — H3 [156]; 4 - h3 [174] ;ln[ZnO] 
xapaKTepnayeT KOHueHTpamno b MonbHbix aojihx 


cymecTBeHHo 3aBbmiaioT, a ajih Biopmua 3amoKaioT hx napaMeipw. Rna onpejje- 
JieHHH coxiepxcaHHH pacTBOpeHHoro KHCJiopoaa b ZnS no H3MeHeHHio mok- 
miOCKOCTHblX paCCTOHHHH HCOSXO^HMO, TBKHM 06pa30M, nOJiyrøTb 06pa3UbI 
ZnS * O 6e3 Rettete tob ynaKOBKH. 3to b bmo jihhctch npw ne rnpoBaHHH khcjio- 
poAOM Biopmua b napax UHHKa bo bccm flnana30He KomjeHipamiH paciBopeH- 
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Horo KHcnopOfla. C<j)ajiepHT b p^me ciiynacu i.n\*r \a.ickh .ik imiMpcBaib 
KHcnopoftOM nyTCM TepMOo6pa6orKM b napax minka mm hihihh ;M‘<peKTOB 
ynaKOBKH nnacraqecKOH Ae(J)opMauneH. B c(|kijic|hiu* ;ir«(>rK i i>i viuikobkh 
3aMeTH0 yBejiHTOBaioT napaMeipbi. 3 thm o&bHCHHiMcw Kiiii.imrmiMH nnpaMerpa 
nopouncoB c<i>anepHTa no cpaBHeHHio c napaMerpoM iiniifxiiirc omepmeHHoro 
MOHOKpHCTBJIJia, MpHHHTblM 3a OnopHyiO TOHKy IipM IIOCI pncilUM IipHMOH 1 
pHC. 1.14. no HaillHM 3KCnepHMeKTaJlbKbIM AaHHblM, HJIHHIIHC ;U‘(|)CK'Il)B yna¬ 
KOBKH Ha napaMeip a c<j)ajiepHTa cpaBHHMO no BenHMHHe c ii|Mmmouojio>KHbiM 
B03AeHCTBHeM pacTBopeHHOro KHCJiopoAa. B pe3yjibiare no cpainieHHK) c nne- 
anbHbiM c<})ajriepHTOM napaMeip ZnS ■ 0 norni He MeHHeTCH npn j kmh po b aHHH 
KHCJlOpOAOM B npHCyTCTBHH JjecJjeKTOB ynaKOBKH. 

YMHTbiBaH paaHHuy b paccTOHHHH Me)Kfly cjiohmh rmoTHCHinen ynaKOBKH 
BiopuHTa h c(J)anepHTa— 3,1307 h 3,1229 Å cooTBeTCTBeHHo, mo>kho 3aK;nowrb, 
hto yBCJiHHeHHe napaMeipa a nociHraei 1,3 • 10“ 4 Å Ha 1% necJjeKTOB ynaKOB¬ 
KH. JHjih peanbHbix KpHdaJUioB mw Ha&nwAaeM b 2—3 pa3a ÉkWmne H3MeHe- 
hhh, B03pacTaiomHe c JiernpoBaHHeM. 

B pnne oiyqaeB, ecnn H3BecTHa KOHueHipannn ae^eKTOB ynaKOBKH h cnoco6 
npHroTOBneHHH o6pa3ua, mo>kho bhøcth nonpaBKy b H3MepeHHyro BenHHHHy a. 
3to noaBOJiHeT oueHHTb H3MeHeHHe 3Toro napaMeipa TOJibKO non bjihhhhcm 
pacTBopeHHoro KHcnopona. Ha pnc. 1.15 npHBeneHbi peavjibiaibi Hairnix peHue- 
HocrpyKTypHbix (h omaciH onTHHecKHx) HCcnenoBaHHH jjjih paciBopHMOCTH 
KHCJIOpOna B CyJTb4)Hne LUtHKa B 33BHCHMOCTH OT TeMnepaiypbl. XlaHHbie 3THX 
HCCJienoBaHHH cooTBeTCTByroT npenapaiaM, nojiyqeHHbiM TepMOo6pa6oiKOH 
nopoiiiKOB MapKH ”flnn iiioMHHo^opoB” b napax UHHKa. Conep>KaHHe pacTBo- 
peHHoro KHCJiopona onpenejinnoch no H3MeHeHHio napaMeipa a no rpanynpo- 
BOWblM npHMblM pHC. 1.13, 1.14, COOTBeTCTByiOmHX COOTHOIIieHHHM (1.1 l) 
h (1.12). C ue/ibio cpaBHeHHH pe3VJibiaroB peHTreHo ct py kT ypHoro h xhmh^ø- 
ckoio aHanH30B Ha pnc. 1.15 naHa 3aBHCHM0CTb ln [ZnO] — 1/T, no AaHHbiM 
[174], noJiy^HHbiM xhmhhcckhm c})a30BbiM aHanH30M. Xhmhmcckhh aHanrø 
Aaei aaBbuneHHbie pe3yjibiaTbi paciBopHMOCTH, no-BHAHMOMy, 3 a c^ei okcha- 
HhLX MHKpOBbineneHHH. 

B CBH 3 H c B 03 MO>KHocTbK) oopa30BaHHH b ZnS cerperaTOB KHCJlOpOAa H 
BbineneHHH 4 >a 3 bi ZnO paccMOTpHM bjihhhhc 3thx HecoBepuieHciB Ha peanbHbie 
napaMeipbi KpHCTajuioB. Cerperaibi h BbineneHHH yBenHHHBaioT napaMeip 
pemerKH. npn 3 tom aah c^ajiepma BjiHHHHe hx Ha napaMeip penxeTKH aHajio- 
rHMHo bjthhhhi 9 ne^eKroB ynaKOBKH [175]. B pemeTKe BiopuHTa ne^eKTbi 
ynaKOBKH yMeHbmaiOT, a BbweneHHH yBeJiHMHBaioT 06 a napaMeipa peineiKH. 
McKa>KeHHH penieTKH ofibWHO ne 6 onee 1 • 10 ' 2 Å nnn afcajiepnia h 4 • 10 " 2 Å 
Ajih Biopunra. IIpH 3 tom M3KCHMajibHbie yBenHMeHHH napaMeipoB C(})ajiepHTa 
mm HaøjnonajiH npn o6pa30BaHHH KpynHbix cerperaTOB KHCJiopona b ciannH 
npenBbineneHHH (cm. pnc. 5.1, e). OopMHpoBaKHe BbmeneHHH oKcnna KaK 
4 )a 3 bi naei MeHhuine HCKa^ceHHH napaMeipoB KaK 3CZnS, TaK h 2 //ZnS. 
BennrøHa oiHomeHHH 2cl i n!d ll0 b npHCyTCTBHH BbmeneHHH h ne^eKTOB 
ynaKOBKH b c^anepnie Boapacraei oGbimho b npenenax ot 1,634 flo 1,636. 
Hjih CTpyKTypbi Biopimra npn o6pa30BaHHH iuiockhx BbmejieHHH Ha&iiOAajiocb 
AanbHeHinee HCKa^enne pemeTKH h yBejiHMeHHe cja jxo 1,637—1,638. 

Hjih BbiHBJieHHH BbmeneHHH ZnO • S KOHTpo;mpOBajiocb o6mee conep>KaHHe 
KHcnopona b o6pa3uax Meio^oM xHMHHecKoro [177] h aKTHBauHOHHoro 
[176] aHHJIH30B. 
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Phc. 1.16. npHMepbi flHarpaMM 4>a30Boro pasHOBecua b cMCTeMe ZnS-ZnO—ZnS0 4 npH 
900 (a) h 1700° C (o) (urrpuxOBott nwHHett yna3aH ypoBeHt omhctkh ra 30 B ot khcho- 
poaa) 


Phc. 1.17. 3aBHcnMOcn> pacTBopHMocTH KHCJiopoaa b cyjit4>wie uhhkb ot cocxaBa ra- 
30B0tt (J>a3M, nocTpoeHHaH juih Pq , paBHorolO -5 CO, 10"® (77) h 1aTM (HI), npH 
pa3Hbix TeMnepaTypax 

7 -1173; 2- 1423; 3 - 1573; 4 - 2000 K 

PeayjibiaTbi aHaJiH30B noKa3biBaioT, mo KMCJiopoa, aeHCTBHTejibHo, npn- 
cyTCTByeT bo bccx o6pa3iiax ZnS. B MOHOKpHcrajuiax, BbipameHHbix H3 pac- 
ruiaBa, ero KOHueHTpauHH cocTaBJiaeT o6hhho 0,1—0,5 moji.% (moraa 1 — 
2 moji.%), b rnapoTepMajibHbix c<J>ajiepHTax 0,2—0,3 moji.% (ao 0,7 moji.%). 
flpH 3tom coaepxcaHMe KHcaopoaa aaBHCHT ot ycnoBHH nojryqeHHH ZnS. TaK. 
b noponiKax, o6pa6oTaHKbix b napax UHHKa npH 1100° C, oho aocTnraex 1- 
1,2 moji.%, a npH o6pa6oTKe b napax cepbi - 0,2-0,1 moji.% [173] . Hpn mbjiom 
coaepxcaHHK KHcnopoaa ero oomee coaep>KaHHe oObuiho coBnaaaex c KOHuem- 
pannen pacTBopeHHoro KHcnopoaa. OanaKo b OojibniHHCTBe cnynaeB kojim 
necTBo KHcnopoaa b ysjiax pemeTKH Menbine ero oømero coaepxcaHHH. 

Jlnn oaeHKH TeopenmecKH bo3moxchom pacTBopHMocTH KHcnopoaa b ZnS 
B 3aBHCHMOCTH OT yCHOBHH pOCTa o6pa3Ua (aaBJieHHH napOB KOMnOHeKT OB 
Pzn* Ps 2 > KMCJiopoaa Pq 2 h TeMnepaTypbi) paccnMraHbi AHarpaMMbi 4>a30Boro 
paBHOBecHH b cHcreMe ZnS—ZnO—ZnS0 4 . Ha pnc. 1.16 b KanecTBe npHMepa 
npHBeaeHbi ABe ncxoaHbie AHarpaMMbi, paccMuraHHbie no MeToawKe [178, 
179] , ana c<l>ajiepHTa (900° C) h BiopimTa (1700°C) . Ohm no3BOJiHioT onpeae- 
JiHTb oGnacTb ycTOHHHBOCTH coeaHHeHHH ZnS, ZnO hjih ZnS0 4 . CocTaB ra30- 
boh 4>a3bi b ycnoBHHx, Koraa npn Hcnonb30BaHHH HeiiTpajibHbix ra30B b npoaec- 
ce pocra ZnS aaBJieHue napoB cepbi (unHKa) b CMCTeMe co3aaeTca 3a ener 
anccounaij[HH, onpeaeJiaeTca to^koh c Ha anarpaMMax. 

flnarpaMMbi pnc. 1.16 no3BOJiHK)T onpeaeJiHTb coaepacame pacTBOpemioro 
b ZnS KMCJiopoaa npw 3aaaHHOM cocraBe ra30B0H ^a3u no HaKnoHHbiM npn- 
MbiM paBHbix KOHixeHTpauHH ZnO. TaK, npHMan <|>a 30 BOH rpaHHUbi ZnS—ZnO 
oaHOBpeMCHHo cooTBeTCTByeT npeaenbHOH pacTBopHMocTH KHcnopoaa b ZnS 
npH xeMnepaType nocTpoeHHH aHarpaMMbi. IIoaTOMy ann nee npHBeaeHo 3Hane- 
HHe pacT b op mmocth KHcnopoaa (b cm" 3 ), noJiyMCHHoe 3KcnepHMeH- 
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Phc. 1.18. 3aBMCHMOCTb nnoTHocTH cyin>4)n;ia hhiik;i ot vrnoimtl ouMira 
1 — TepMOo6pa6oTKa b napax uhhks; 2 - b nupax rrpw | 1 s i | 


TajibHO ajih 900 hjim 1700° C. CoflepyKaHHe pacTBopcmioro KHCJiopoua, yKa3aH- 
HOe Ha TOHKHX HaKJlOHHblX JIHHHHX flHarpaMM pHC. 1.17, a H 6, pacCMHTaHO no 

MeTOflHKe [178], 

JføarpaMMhi, nocTpoeHHbie jyin pa3jiHHHbix TeMnepaxyp, ;uihh oHoOmarømne 
3aBHCHMOCTK KOHUCHTpaUHH paCTBOpeHHOrO KHCJIOpOUa Ol uaBjKMIHH IiapOB 
KOMnoHeHTOB ZnS b cncTeMe. Ha pnc. 1.17 dth 3aBncnMoc th nocTpoenhi 
Ann TeMnepaiyp 1173, 1423, 1573 h 2000 K h Moryr GhHh HciiojThaoBaHbi 

OTH CpaBHHTeJTbHOH OUeHKH B03MOXCHOrO COAepHtflHHH pacrBopcHHoro KHCJlOpO- 
ua b ZnS npH pa3JiHHHbix ycnoBHHX pocra KpHCTajuioB. 

SaBHCHMOCTH, npHBefleHHbie Ha pnc. 1.17, He yHHTbiBajin bjihhhhh coOcTBen- 
HblX TOMØMHblX Ae^eKTOB Ha paCTBOpHMOCTb KHCJlOpO^ B ZilS. MOKIJ}' ICM 3TO 
BbIHBJIHeTCH npH HCCJierøBaHHH HeKOTOpblX CBOHCTB ZnS, HaiipHMep rUIOTHOC- 
TH (pHC. 1.18). no HMdOIUHMCH B HaCTOHUiee BpeMH AaHHblM TBepflbie paCTBO- 
pbi 3aMemeKH h ZnS-O s o6pa3yrøTCH TOJibKo npH H36biTKe iunnca. 3TOMy 
cnocoOcTByex MaKCHMajibHan KOHueHTpauHH b tbkhx KpHCTajuiax F s h npH- 
cyrcTBHe Zn r -, koM neHCHpyiomero jiOKajibHbie HCKaxceHHH pemeTKH b6jih3h 
H 303JieKTp0HHbIX UeHTpOB 0 S . YBeJIHHeHHe CTeneHH OTKJIOHeHHH OT CTeXHO- 
MeTpHH ZnS B CTOpOHy H36bITKa UHHKa flOJl>KHO npHBOJUHTb K yBeJIHHeHHK) 
paCTBOpHMOCTH KHCJIOpOAa. M303neKTp0HHbie neHTpbl IipH 3TOM MOryT o6pa- 
30BbiBaxb accounaTbi rana O s -Os [179] . no naniHM uaHHbiM peHTreHocrpyK- 
TypHbix HCCJieAOBaHHH, npH H3MeHeHHH AaBJieHHH napoB uhhkh ot 1 ro 8 aTM 
npw 1150°C yBejBweHHe paeTBopHMoera KHcnopoua b ZnS - Os MoaceT 6biTb 
nopnzuca (1—2) • 10 -2 moh.%. PacTBopeHHbiH KHcnopofl b KpHCTajuiax, TepMO- 
o6pa6oTaHHbix b napax iunnca, yMeKbinaer hx niioraocTb (cm. pnc. 1.18, KpH- 
Ba n i). OnpeaejieHHoe kojikhcctbo paBirøBecHoro c ToneHHbiMH ue(f>eKTaMH 
KHCJiopoAa b y3Jiax pemeTKH uojixcho 6hiTb npwcyme k CTexHOMeTpHHecKOMy 
cyjib(})Hfly UHHKa. OTKjioHeHue cocTaBa ZnS b cTopony H36biTKa cepbi conpo- 
BO>KuaeTCH yBejiHHeHHeM b KpHCTajuiax [F Zn ] (cm. pnc. 1.9). 3to HapymaeT 
raepubiH pacTBop 3aMemeHHH, ho cTa6HJiH3npyeT KHCJiopou b Me>Ky3JiHHx 
(cm. flanee pa3u. 4Jf) H3-3a o6pa30BaHHH komidickcob ero c b aKaHCHHMH 
UHHKa. no uaHHbiM [180], KOHueHTpauHH 0/ b ZnS MOXceT uocraraTb 
0,3 moji.% npn 950°C. OffHaKO noBeueraie Mexcy3eJibHoro KHCJiopoua b ZnS 
h B 03 M 0 >KH 0 CTb ero cocymecTBOBaHHH b pemeTKe c Og-ueHTpaivfH b HacTOHiuee 
BpeMH H3yneHbi HeuocTaTOHHo. npw uajibHeHineM onncaHHH bjihhhhh KHCJiopo- 
ua Ha onranecKne cBOHcnsa ZnS Mbi 6yueM paccMaTpHBaib TBepubie pacTBopw 
3aMemeHHH, a npHcyTCTBHe 0/ 6yueT oroBapHBaTbcn cneunaubKO. 
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rnaBa 2 

3KCHT0HHAJI J1I0MHHECUEHUHH 

2.1. nOCTAHOBKA 3AAAHH H METO^bl HCCJIEAOBAHHfl 

3KCMTOHHbie cneKTpbi nonynpoBOAHHKOB rpynnbi A 2 B 6 bo mhothx cny- 
røHX OMeHb HyBCTBHTejIbHbl K OCOSeHHOCTHM KpHCTaJUIMHeCKOH CTpyKTypbl 
MaTepnana, KanecTBy mohokphctbjuiob h npHcyTCTBHio aec^eKTOB [181]. 
3to othochtch h k yaKOJiHHeHHaTbiM cneKTpaM b6jih3h Kpan 4>yHAaMeHTajib- 
Horo norjiomeHHH (oth cyjib(J)HAa u,HHKa b oOnacra 300-360 hm). H3Me- 
HeHHH CneKTpaJIbHOrO IIOJ 10 >KeHHH, nOJiyiUHpHHbl, O.THOCHTeJIbHOH HHTeHCHB- 
hocth nojioc KpaeBoro cneKTpa b oTpaxceHHH, norjiomeHHH, 4>oto- h Kaio* 
AOJiioMHHecueHuHH, b cneKTpax B036y>KneHHH h <]>OTOTOKa [1, 119, 130, 149] 
Ha&uoAaioTCfl Aaxce npM Manwx H3MeHeHHHX otkjiohchhh ot CTexHOMeipHH 
hjih sapHauHHX ypoBHH jiernpoBaHHH h CTpyKTypHbix npeBpameHHHx b Ma- 
TepHaJie. II 03 TOMy H3BeCTHbie 3aKOHOMe pHOCTH H3MeHeHHH 3KCHTOHHblX 
cneKTpoB ZnS KaK (JjyHKUHH cociaBa h CTpyKTypHbix ocoOeHHocreH Maie- 
pHana no3BOJiHK)T Hcnojib30Baib hx aah ueneii onTHMecKoro kohtpojih Ka- 
qecTBa Maiepnana. 

CneKTpbi OTpa^KeHHH mohok pHCTannoB, nopouixoB i tohkhx cnoeB 
ZnS H3y^ajiHCb .hhmh Ha cneKTporpa^e HCII-28 npn 77 K c KceHOHOBbiMH 
naMnaMH BbicoKoro AaBJieHHH THna CBJQ, hjih rCBA b Ka^ecTBe HCTOMHHKa 
CBeia. CneKTpw 3epKajibHoro OTpanceHHH cHHManHCb npn naneHHH CBeTa, 
6 jih3kom k HopManbHOMy. 06pa3eu ycTaHaBJiHBajicn b Aioape H3 onranecKoro 
KBapua h hh6o HenocpeACTBeHHO onycKancn b hchakhh a30T, jih6o Kperaui- 
ch Ha MeAHOM xjiaAonpoBOAe npn CbeMKe TeMnepaTypHOH 3aBHCHMocTH 
cneKTpoB oTpaxceHHH. B oTnejibHbix cny^aax cneKTpbi OTpaxceHHH Hccneno- 
BajIKCb 4>OTOMeTpH«ieCKOH MeTOAHKOH Ha yCTaHOBKaX AHH CbeMKH JIIOMHHeC- 

uemxHH npH 4—77 K. JJjiHHa bojihm X 3kchtohhoh nonocbi OTpaxceHHH on- 
peAennnacb KaK nonycyMMa nono>KeHHH MHHHMyMa h MaKCHMyMa. Ilony* 
uiHpHHa AX nonocbi åpanacb KaK pa3HHua cneKTpajibHbix nojioxceHHH 3KCTpe- 
MyMOB OTpaXCeHHH. B TeKCTe AaHHbie AJIH 3THX BeJlHHHH npHBOAHTCH B BHAe 
X(AX), T,e. nonyuiHpHHa nonocbi yKa3biBaeTCH b cKoOKax nocjie OTHHbi 
BOJIHbl B HM. JfylH (})OTOMeTpHpOBaHHH HCn0Hb30BaJICH MHKpO<J)OTOMeTp MO-4 
C aBTOMaTH*æCKOH 3anHCbK). 

CneKTpw norjiomeHHH HccJieAOBajiHCb Ha iuiacTHHHaTbix mohok pwcTajuiax 
tojiiahhoh 10—100 mkm, BbipameHHbix H3 ra30BOH <J>a3bi. KpOMe Toro, hc- 
nojit30BajiHCb ckojiw h uuiH<])OBaHHbie c nocjieAyiomeH nojinpoBKOH KpHcTajuibi 
tojiiahhoh 100—200 mkm. .IIjih ynajieHHH HapymeHHoro nonnpoBKOH cjioh 
npHMeHHJICH nOJIHpjOOIAHH XpOMOBblH TpaBHTeJIb. CneKTpbi norjiomeHHH 
HccJieAOBajiHCb Ha HCII-28 h CO-8 npn 77—300 K, a TaKxce m cneKTpo<]>o- 
TOMeTpe (JrnpMbi "Hitachi”. CneKTpajibHoe pa3peuieHHe npnOopoB b ofijiacra 
320-330 hm cocTaBJiHJio 0,1 hm aah HCII-28 (menb 30 mkm), a b oGnacra 
335—350 hm — 0,2 hm ahh HCII-28, 2 hm ajih CO-8 h 0,5 hm ahh "Hitachi” 
EPS-3. 

CneKTpbi <})OTOJIK)MHHeCUeHAHH H B036yHCAeHHH HCCJieAOBaJIHCb npH B03- 

OyxmeHHH jiHHHen 313,2 hm pTyraoH naMnw APIlI-1000, BbiAeJieHHOH moho- 
xpoMaTopoM AMP-4. IIpH chhthh cneKTpoB oTpaxceHHH h B036yxmeHHH jikj- 
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MHHecueHUHH 6mia Bbi6paHa neMiepHCHaH jiaMna HHC-25 hjih b cjiy i iae cna- 
6bix cMrHajioB J1KC III-1000. ycraHOBKa ooecneMMBajra H3MepeHne npw reM- 
nepaType 80—300 K b AHanaioiio ;uihh bojih 200—600 hm. CneKTpajibHan 
uinpHHa CBeTOBoro nyqxa Ha buxoac MOHoxpoMaTOpa cocxaB naua 0 ; 2-l hm. 

CneKTpajibHan HyBCXBHiejibHocTb yciaHOBKH onpeAeJiflJiacb c no mo mb k> 
cTaHAapTHoro axajiOHa H3JiyneHHH CH-8 200y c BOJib(|)paMOBhiM xcjiom Ha- 
Kajia h uBexoBow xeMnepaxypon, paBHOH 2317 K. OxHOCHxejibHan hhxghchb- 
Hocxb B036yrøaiomero CBexa ajih AaHHon aahhbi bojihm Bbi^mcJiHuacb no 
cneKxpy B036yrøeHH «a wejixoro h Kpacuoro moMoreHa; cneKxpti nepecHH- 
XblBajlHCb K nOCXOHHHOH HHXGHCHBHOCTH (MOIAHOCXH) B036yrøaH)IIZerO 
CBexa. CneKxpw k axo aojiiomh Hecue hah h HccjieAOBajincb Ha ycxaHOBKe, ko- 
Topan no3BOJiana (})OKycHpoBaxb h nepeMcmaxb 3 3aAaHHyio xowKy o6pa3aa 
naAaiomHH nyMOK 3JieKXpoHOB. SHeprwH jjicktpohob naAaiomero nyHKa eV 0 
cocxaBAHjia 10 K3B, xok ao 10 mk A. PaGonan imoxHocxb xoKa cocxaBJiana 
(2-6)10" 4 A*cm“ 2 . flnn cyjibc}>HAa UHHKa, cornacHo [149], npH V= 10 K3B 
rnyGHHa npoHHKHOBeHHH ajieKxpoHOB R e - 0,6 ^ 1 ,0 mkm, b xo BpeMH KaK xoji- 
uiHKa cjioh, oGnaAaioiAero noBwuieHHOH KOHneHxpaAHen ueHxpoB 6e3M3Jiy- 
HaxejibHoii peKOMØHHamiH, He Gojiee 10" 2 !© -1 mkm. ILioxHocxb B036ya<- 

AeHHH F Mo>Kex 6bixb onpeAeneHa, cornacHo [ 182] t KaK 

,, v vj i 

F= 6,25 -10 2 1 — (1 -r — ) — , (2.1) 

E F 0 1 -r R e 

rAe / = 5 10“ 5 A cm” 2 — imoxHocxb xoKa; E - 3 E g ^ 1 1 sB — 3HeprHH o6pa30- 
BaHHH 3JieKxpoHHo-Abipo*moH napw; r = 0,33 — aojih oxpaxceHHwx ajieKxpo- 
hob; eV/eV 0 ~ 0,6 — oxHoineHHe oHeprHH 3JieKxpoHOB oxpaxceHHoro h naAaio¬ 
mero nyHKos; R e = 0,6 mkm — rnyGnna npoHHKHoseHHH ajieKxpoHOB. 
rtnoxHocxb B036yrøeHHfl no 3 thm AaHHbiM cocxaBJiflex nopflAKa 10 22 cm’ 3 -c“ 1 . 

KaxoAOJiioMHHecueHAHH HcaieAOBajiacb b Kpwocxaxe npH xeMnepaxypax 

80—400 K h BaKyyMe 2*10“ 5 xopp. Unn yny*mieHHH xemionepeAaHH Merøy 

KpHCXajmOM H MeAHOH nOAHOiiCKOH HCnOJIb30BajICH K OHXBK XHblH CIUiaB — 
HHAHH-rajuiHeBaH 3BxeKXHKa. Pa3HMixa Me røy xeMnepaxypaMH o6pa3ua h 

MeAHOH noAno^ocH, Ha Koxopoif yKpermeHa MeAb-KOHCxaHxaHOBan xepMonapa, 
He npeBbiinajia 1 —2°. 

ManyneHHe o6pa3ua <})OKycHpoBajiocb KBapueBow jihh3oh Ha BXOAHyio 
rnenb MoHoxpoMaxopa 3MP-3 h peiHCTpHpOBajiocb c noMombio CMeHHbix npn- 
eMHHKOB c 4>oxoyMHo>KHxenHMH <D3Y-18A, 03Y-71 (300—500 hm), <D3Y-51 
(550—700 hm) hjih (Jjoxoahoaom (700—2000 hm) h c sanHCbio Ha 3JieKxpon- 
HbiH noxeHAHOMexp I1C1-02. CneKxpbi H3jiyHeHHH oGpaauoB nepecwrbmajiHCb 
K noCXOHHHblM yCJIOBHHM C be MKM. 11 pH 3XOM yHHXblBaJiaCb UIHpHHa H Bbl- 
coxa meJieif MoHoxpoMaxopa, K03<]><J)HimeHx ycHJieHHH H3MepHxejibHoro 
xpaKxa, xok nyHKa, a xaKxce cneKxpajibHoe pacnpeAejieHHe MyBciBHxejibHocra 
ycxaHOBKH, 3x0 no3BOJiHJio nojiynaxb 3HaneHHH HHxeHCHBHOCXH (moiahocxh) 
HaJiyneHHH b oAHHaKOBbix oxHocHxenbHbix eAHHHuax. Bo Bcex cnynaHx npn- 
BeAeHHbie b HaiiieH paGoxe cneKxpw mo MHHecueHUHH cooxBexcxByiox H3Me- 
HeHHio dP/d\ hjih dP d(hv ), rAe P — MomHOcxb H3nyneHHH. 

npH GoJibiiiHX iuioxhocxhx B036yrøeHH« cneKxpw KJ1 HccjieAOBaHbi no 
MexoAHKaM [183, 184], omicaHHe Koxopwx flaHo Aanee b pa3A. 5.1 h 3.7. 

flnn noAroxoBKH oGpaauoB Hcnonb30BajiHCb MHKpocKonbi MMH-4, MMM-7 
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m MHKpocKon ”Reichert” c KOMneHcaTopoM Eepeica ana H3MepeHHK ub y 
npejioMJieHMH KpHCTajiJioB. MaKpocipyKiypa h cocTOHHMe noBepxHocTH mc- 
CHerøBajiHCb Ha pacTposoM aneKTpoHHOM MHKpocKone (P3M). 

06T>eKTaMH HCCJieAOBaHHH 6bIHH MOHOKpHCTajIJIbl H nOJlHKpHCTaJIJTHHeCKHe 
npenapaibi ZnS, nonynaeMbie b CCCP, *1CCP h TAP. B HCxozxHbix nojiHKpH- 
CTajinHaecKHx npenapaiax h MOHOKpHCTajmax, BbipameHHbix H3 pacruiaBa, 
KOHTpojiHpoBajiHCb npHMecH Cu f Al, Ag, Ti, Ni, Pb, Sn, Mn, Fe, Cr, Mg, co- 
uepxcaHHe Koiopwx no cyMMe He npeBbimano 2-10 17 cm“ 3 , 

2,2.3KCHTOHHME CIlEKTPbl ODAJIEPHTA H BtøPIJHTA 

Ana HccneflOBaTeneH nonynpoBOUHMK obmx coejmHeHHH A 2 B 6 cyjib<|>Hu 
Uhhke npeuciaBJifleT fSojibiuoH HHTepec KaK MOuenbHbiH MaTepwaji, nocKon&- 
Ky oh HMeex røe CTaGHJibHbie k pHcxajinHaecK ne moj^h<J)hk auHH (3C-c(|)ajie- 
pm h 2//-bk>puht) , a TaK>Ke pnu nojiHTHnHbix <J)opM. KyGnnecKaH h reKca- 
rOHaJIbHaH MOUH(J)HKaUHH CyjIb<j)HUa UHHKa KpHCTaJIJIOXHMHHeCKH cxou- 

Hbi [185—189]. 

Kpaa rnaBHbix 3 oh cynb<})Hua UHHKa onpeuennioTCH s- h p-op6nranHMH 
UHHKa (30Ha npOBOUHMOCTH) H S-OpØMTajIHMH CCpbl (BajICHTHaH 30Ha), 
3oHa npoBOUHMocTH npeucTaBaeHa Fj ( 6j7 ) -coctohhhhmh h He BwpoxaxeHa 
(pnc. 2.1). BepxHee cocTOHHMe BaneHTHoii 3 ohm b cnynae c<J)anepHTa pacmen- 
jineTCH cnHH-op6HTajibHbiM B3aHM0ueHCTBneM b qeTbipexKpaiHo BbipoxoxeH- 
Hoe COCTOHHHe r 8 H AByKpaTHO BbIpO>KaeHHOe r 7 [I]. B pemeTKe BiopuHTa 
npn B03MymeHHH "KpHCTannHHecKHM” noneM BajieHTHan 30Ha e^ajiepHTa 
F 8 uonojiHHTejibHo pacmennneTCH Ha UByxpaTHo BbipoacueHHbie coctohhhh 
F 9 H r 7 , npHHeM HaCTHVHO CMeULlHBatOTCH BOJIHOBbie 4>yHKUHH 3THX 30H H 
HH5KH6H 30HbI T 7 , B pe3ynbTaTe Hero H3MeHHeTCH IHHpHHa 3anpemeHHOH 30HbI 
h cnHH-op6HTajibHoe pacmenjieHue b BrøpuMie. B npwGnHxceHHH ”KBa 3 HKy- 
6HHecKOH” MouejiH [185—187] 3HepreTHHecKHe npoMexcyTKH Mexqiy ypoB- 

HHMH F 9 H UByMH ypOBHHMH T 7 CBH3aHbI C BeJTHHHHaMH CITHH-Op6HTajTbHOrO 
h KpHCTajuiHHecKoro pacmeruieHHH cooTHoineHHeM 

E 1 ( 2 ) = (l/2)(A æ + Acr) ± [(l/4)(A so + A cr ) 2 — (2/3)A io A cr ] 1/z , (2.2) 

rue A so h A&. cooTBeTCTBym criHH-op6HTajibHOMy pacmenneHHio h paciuen- 
jieHHK) k pHCTajuiHHecKH m noneM; 2 ) ~ 3HepreTHHecKHe 3a3opbi Mexqxy 
ypOBHHMH BaneHTHOH 30Hbi BiopuHTa [1]. 3 th 3a3opw MoryT 6biTb onpeueneHbi 
KaK pa3HHUa B nOJIOXCeHHH nOJIOC 3KCHT0HHbIX CepHH, nOCKOJTbKy TpH ce- 
pHM 3KCHTOHHbIX nOJIOC A, B, C BrøpUHTa (pHC. 2.2, KpHBaH 7) H UBe ce- 
pHH A (B) h C c(J)ajiepHTa (pwc.2.2, KpHBan 2) oipaxcaioT cooTBeTCTByrø- 
mwe pacmeimeHHH BaneHTHoii 30Hbi. B CHJiy Toro mo 3KCHiOHHbie jihhhh cneKT- 
poB A 2 B 6 , cooTBeTCTByroume npHMbiM nepexouaM npn k = 0,oneHb HHTeHCHB- 
Hbie h y3KHe, cBeueHHH o CTpyKType KpaeB rnaBHbix 30H h, cneuoBaTenbHo, 
HiHpHHe 3anpemeHHOH 30 hw unn hhx MoryT 6wTb nonynenbi H3 cneKTpanb- 
HblX H3MepeHHH C SojlbUIOH TOHHOCTbK). B CJiyHae peaJlbHblX KpHCTajIJIOB 3K- 
CHTOHHblH eneKTp 33BHCHT OT prøa UOnOJIHHTeJIbHblX (J)aKTOpOB, B HaCTHOCTH 
ot jxe^e ktob cTpyKTypbi h npHMecew. ripHcyTCTBHe ue(])eKTOB ynaKOBKH npw- 
bouht k opHeHTKpoBaHHbiM ue<]>opMauHHM b pemeTKe, a sto, b cboio onepeub, 
Bbi3biBaeT uononHHTenbHoe paciueiuieHHe h cneKTpanbHWH cuBHr 3 kchtohhmx 
nonoc A, B, C (n = 1) 3a cneT oåMeHHoro B3aHMOueHCTBHH 3jieKTpoHOB b 
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Phc. 2.1. CrpyKTypa KpaeB rnaBHbix 30H c(J>ajiepnTa (a) h mopuma (o) 



Phc. 2.2. MHKpo(J)OTorpaMMbi cneKTpoB crrpa>KeHHfl (77 K) MOHOKpHCxajuiOB BiopuHTa 
(/) h ccJjajiepHTa (2) 

Phc. 2.3. CneKxpbi KaxoAOJiiOMHHecueHUHH ccJjajiepHTa, BbipaiueHHoro b KHcnott cpeae, 
npH ruiOTHocTHx B036.y>KfleHHJi 10* 2 (/), 10 25 cm“ 3 • c _I (2) h TeMnepaTypax 80 (/) 
h 100 K (2) 


ochobhmx 30Hax [188—193] . KpoMe Toro, bo3mo>kho noHBJieHHe rønojiHH- 
TejibKbix jthhhm, 3anpemeHHbix b H/xeajibHOM KpHCTajuie npaBHjiaMH oi6opa 
[192, 193]. 0/xHOBpeMeHHoe HSMeneHHe uinpHHbi 3anpemeHHoii 3 ohh npH 
HajiHHHH ne(J)eKTOB ynaKOBKH cABHraeT 3KCHTOHHbie cneKTpbi ccJjajiepHTa 
b KopoTKOBOjiHOByio, a BiopuHTa b AnHHHOBOjiHOByw cTopoHy cneKTpa [192, 
194, 195] . PerHCTpaima 3thx 3(})<J)eKTOB b cneKTpax ycJioxcHHeTcn npncyT- 
cTBHeM coGcTBeHHbix TOHe^Hbix fle<|)eKTOB h npHMeceii, yBejiHMHBaromHX 
nojiyiUHpHHy 3kchtohhmx iiojioc H3-3a jioKajibHbix Ae(J>opMauHH b pemeTKe 
h (JjjiyKTyauHH cocTaBa [119,130, 149, 196—198]. 

McaieAOBaHHH [199—214] noKa3ajiH, wto b KpHciajuiax cynb<]>MAa ahhk3 
b 3HaHHTejibHbix KOHueHTpauHHX npHcyTCTByeT o6hhho HeK oht pojiHpyeM3H 
npHMecb KHCJiopoAa. Khcjiopoa onpeAejineT AJiHKKOBOJiHOBoe cMememe 
h cymecTBeHHoe yiimpeKne nojioc 3 kchtohhmx cneKTpoB c<})ajiepHTa h Biop- 
UHTa (cm. rjr. 3), a b cjiynae BbmejieHHH okchab munca b CHJibHo jiernpoBaH- 
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Ta6num 2.1. 3iccHToHHbie cneKTpbi «Jja/iepHTa h BiopUHTa (77 K) 


C$aJiepHT 


HM 

E, 3 B 

'MHxepnpe 

Taimfl 

334,2 

3,7094 

A - 2 LO 

330,4 

3,7521 

A-LO 

327,2-330,0 

326,65 

324,8 

3,7951 

3,8168 

AI 

A(n = 1) 
A(n = 2), 
C-LO 

323,0 

3212 

3,8380 

3,8595 

A+LO 

C(«=l) 

319,4 

3,8813 

C(n~2) 

317,7* 

3,9020 

C + LO 


BlOpUHT 

HM 

E, aB 

HHTepnpe- 



TaUHfl 

328,0 

3.7795 

A-2LO 

325,5 

3,8085 

B~ 2LO 

324,3 

3,8226 

A-LO 

321,0- 


AI 

323,9 



321,9 

3,8511 

B-LO 

320,66 

3,8660 

A («= l),ic 

319,0- 


BI 

319,8 



318*5 

3,8922 

A{n- 2 ) 

318,32 

3,8944 

E(w = l),i, tl c 

317,1 

3,9094 

A+LO 

316,3 

3,9193 

B (« = 2) 

314,9 

3,9367 

B+ LO 

314,7* 

3,9392 

C LO 

311,3 

3,9823 > 

C(n = l),i, II c 

308,9* 

4,0132 

C(n = 2) 

308,0 

4,0249 

C+LO 


Hbix KpHCTajmax (cm. ru. 5) npHBOAHT k pn^y ^e({)opMauHOHKbix 3<tx|)eKTOB. 
BjiMHHHe KHCJiopofla h aetJ)eKTOB ynaKOBKM na 3KCMTOHHbie cneKTpbi ZnS 
cjieayeT cwiaTb onpeAennioiuHM, no cpaBHeHHio c KOTopbiM HCKa>KeHnfl 
CTpyKTypbi M3-3a Apyrnx HecoBepmeHCTB mo>kho paccMaipHBaTb KaK 3<J)(})eK- 
Tbl BTOpOrO nopHAKa. 

OnTMHecKHe cBOMCTBa h dpyKTypa MOHOKpHCTajuiOB ZnS, BbipameHHbix 
b biTHrHBaHne m M3 pacruiaBa, nepeKpHCTanjiH3auHeH unn CHHTe30M b ra3o- 
BOH (})a3e, HOAHAHblM ra30BbIM TpaHenopTOM H rHApOTepMaJIbHbIMH MeTO- 
AaMM, HccJieAOBajiHCb b pn«e paåoT, b HacTHOCTM [200—207, 215-222]. 
ÅHajiH3 3 thx pe3y;ibTaTOB noKa3aji, mo unn pacneia ochobhwx napaMeipoB 
3 KCMTOHHbix cneKTpoB ZnS b KanecTBe naPidonee coBepuieHHbix m HHCTbix 
KpHCTajmoB cneAyeT Hcnojn>30BaTb c^anepni, nojiyneHHbiH rHApoiepMajib- 
HblM enOCOGOM B KHCJIOH CpeAe, H BrøpUHT, BblpailjeHHblH H3 ra30B0H (|)a3bl 
b TOKe cepoBOAopoAa. CTpyKTypa dkchtohhoto cneKTpa t3kmx KpwcTajuioB 
AaHa Ha pnc. 2,2 h b Ta6n. 2.1, b KOTopow npHBeAeHo nono>KeHHe ochobhbix 
3KCHTOHHbIX nOJIOC OTpajKeHHH, B036y>KAeHHbIX COCTOHHHH H (j)OHOHHbIX 
noBTopoB. 3Be3AoqKOH noMeneHbi 3HaneHHH, paccHHTaHHbie HaMH. J3,nana30H 
AJihh bojih, xapaKTepH3yK)iAHM nono>KeHHe nojioc CBH3aHHbix 3 kchtohob, 
OTMeneH kbk AI ( [Bl ). 

CneKTpbi KaTOAOJirøMHHecueHAHH hhctoto cyjib^HAa uHHKa npw 80 h 100 K 
(rHApoTepMajibHbiH "khcjimh” ct^anepHT) npHBeAeHbi Ha pwc. 23. 

ØKCHTOHHblH CHeKTp ZnS MO^Cd yCJIO>KHHTbCfl npH BbICOKHX HHTeHCHB- 
HOCTHX B036y>KAeHHH H3-3a npOHBJieHHH KOOnepaTHBHblX CBOHCTB 3KCHTO- 

hob [223—226]. flnn cynbiJmAa ahhkb 3th hbjichhh Mano HccJieAOBaHbi. Yc- 
no^cHeHHe cneKTpa b oOnacTM skchtohhoh nonocbi A Ha&niOAaJiocb HaMH b 
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Phc. 2.4. 3aBHCHMOcTb noporoBott iuiothocth B036y>KAeHitH nonocA-A, A- e, A-LO 
ot TeMnepaTypbl ( a ) h hx cneKTpajibHoe nonoxceHwe A no oTHomeHHio k 4-3KCHTOHy 
(6) ajih MOHOKpwcTanna CdS [223] 

KaiOAOjiiOMHHecueKUHM y Hanøonee coBepmeHKbix no cTpyKType mohokph- 
cTajuiOB c<J)ajiepHTa, BbipanjeHHbix b mflpoTepManbHbix ycnoBHnx b khchoh 
cpefle. 06biMHo npn iuiothocth BO30y>KAeHHH 10 22 cm“ 3 *c _1 cneKTp KaTO- 
AOJiioMHHecueHUHH ccfranepHTa npn 80 K npeACTaBJiGH oahoh A-uonocovi cbo- 
Soahoto 3KCHTOHa 327 hm (cm. pnc. 2.3, KpHBan 1 ). YBennneKHe iuiothocth 
B036y)KAeHHH AO 10 25 CM _3 C _1 (10 18 CM“ 3 ) B paCTpOBOM 3JieKTpOHHOM 

MHKpOCKOne HJIH AO 10 26 CM“ 3 -c" 1 (10 19 CM“ 3 ) npH HMnyjIbCHOM B036y>K- 

AeHHH 3JieKTpOHHbIM ny^KOM npHBOAHJIO K BO3HHKH0BCHHI0 AOnOJIHHTeJIbHblX 

nonoc 326,2; 329,5; 333 hm (cm. pnc. 2.3, k pHBan 2) h 329,5; 332,0 hm 
(cm. Aanee pnc. 3.1). HccjieAOBamie cneKTpOB OTpaaceHHH ajih Tex >Ke y*iacT- 
KOB 3THX KpHCTaJIJlOB A^T nOJIO/KeHHe >4-nOJIOCbI 3KCHTOHa 327,0 HM npH 
nojiyuiMpHHe 0,5 hm ajih 77 K hjih 327,9 hm aha 100 K. Eonee ajihhkoboji- 
HOBbie nOJIOCbl, KOTOpbie HaOjIIOAaiOTCH B KaTOAOJIlOMHHeCAeHAHH npH Bbl- 
COKHX IUIOTHOCTHX B030y>KAeHHH B paCTpOBOM 3JieKTpOHHOM MHKpOCKOne, 
B OTpa>KeHHH OTCyTCTByiOT. KopOTKOBOJIHOBaH nonoca KaTOAOJHOMHHeeueH- 
AHH 326,2 hm npoMepneTCH TaK>Ke b oTpa>KeHHH h no cBoeMy cneKTpajibHOMy 

nOJIOXCeHHK), 3aBHCHMOCTH OT TeMnepaTypbl H HHTeHCHBHOCTH B036y>KAeHHH 
AOJi>KHa øbiTb OTHecena k nepBOMy B036yx<AeHH0My coctohhhk» (n = 2) A-cz- 
pHH 3KCHTOHHoro cneKTpa ccfcanepHTa [190], 

Ilojioca 329,5 hm He cooTBeTCTByeT KaKOMy-JiHØo <J)OHOHHOMy noBTopy 
A -3KcHTOHa 327,9 hm. C noBbimeHHeM TeMnepaTypbl ao KOMHaiHQH nonoca 
329,5 hm HCHe3aeT, ycTyna» MecTO nonoce cBoøonHbix skchtohob 338,5 hm. 

C yBeJIHHeHHeM miOTHOCTH B030y>KneHHH OTHOCHTeHbHaH HHTeHCHBHOCTb 

nojiocbi 329,5 hm B03pacTaeT Hapnny c ycmieKHeM nonocbi 333 hm. riocnen- 
hhh no CBoeMy cneKTpajibHOMy nonoce hhm He mo>kct øbiTb ^ohohhwm noBTo- 
pOM A -3KCHTOHa. ØHa He COOTBeTCTByeT TaK>Ke TOJIOBHOH JIHHHH, MajIOHH- 
TeHCHBHOH y ”KHcnbix” c(})ajiepHTOB, -cepHH nonoc KpaeBOro cBeMeHHH, 
OTJiHHancb ot nocjieAHHX cBoeii ihhphhoh (cm. pnc. 2.3), cneKTpanbHbiM no- 
jio>KeHHeM h noBeAeHHeM c yBennneHHeM iuiothocth B036y>KACHHH ao 
10 27 cm" 3 .c“ 1 . 

Me>KAy TeM no cneKTpanbHOMy nonoxceHHio (oTHocHTenbHo nonocbi 
327,9 hm), TeMnepaTypHoii 3aBHCHMOCTH h H3MeHeHHio hhtchchbhocth ot 

IUIOTHOCTH B036yX<AeHHH AOnOJIHHTCJIbHO B03HHKaK)IAHe nOJIOCbl 3KCHTOHHOTO 
cneKTpa ZnS aKajiornMHbi nonocaM CdS [223], HCCJieAOBaHHbiM npn TaKnx 
>Ke njIOTHOCTHX B030y>KAeHHH (pHC . 2.4). KaK BHAHO H3 pHC . 2.4, a, B HHTep- 
Bane 80—100 K h npn iuiothocth B036ya<AeHHH 6onee 10 18 cm" 3 BHa^ane 
ycHJiHBaeTc» nonoca ØH3KCHTOHa ^4-^4, a 3aTeM nonocbi A—e h A-LO, o6y- 
cnoBneHHbie b 3an mo achctbhcm 3KCHTOHa c aneKTponaMH h Z,<9-c}>oHOHaMH. 
CneKTpajibHoe hx nono>KeHHe no OTHOineHHio k i4-3KCHTOHy npencxaB- 
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Ta6miv,a 2.2. OcHosHbie napaMetpbi 3 kchtohhofo cneKTpa cyjib(|)HÆa irøHica 


IlapaMeTpbi 


C4>ajiepHT 



BlOpUHT 



[190,191] 

[188] 

HacTOH- 
man pa- 
6oTa 

[218] 

[188] 

HacTOH- 
iuafl pa- 
6oTa 

3Heprwa CBH3H cbo- 
6oflHOrO 3K CHTOHa, 

SB 

0,027 

0,031 

0,029 

0,040 

0,031 

0,035 

IllnpHHa 3anpemeH- 
HOtt 30HLI, 3B 

3,822 
(77 K) 

3,833 
(4 K) 

3,824 
(77 K) 

3,913 

(4K) 

3,910 
(4 K) 

3,901 
(77 K) 

npHBeAeHHaa Macca 

3K CHTOHa (B eflHHH- 

uax Maccbi cbo6oa- 
Horo sneKTpoHa) 

0,14 

0,16 

0,15 

0,22 

0,17 

0,19 

EopoBcKHtt pannyc 

3KCHTOHa, Å 

32 

28 

30 

21 

27 

24 

PacmenneHHH BaneHT- 

HOtt 30HbI, 3B 

e A b 

0 

0 

0 

0,028 

f 0,027 

0,028 

EaC 

0,068 

0,065 

0,064 

0,118 

0,118 

0,116 


jieHo Ha pwc. 2.4,5. FIoAoGHbie H3MeHeHHH cneKTpa Mbi Ha6jiK»AaJiH flnn ZnS, 
napaMeTpbi øKCHTOHa KOToporo 6 jih3kh CdS. B cb«3h c sthm B03HHKarøiuHe 
npw BbicoKHX ruioTHocTHx B036y>KneHHH (>10 18 cm -3 ) b P3M nonocbi b 
cneKTpax KaTOAOJiioMMHecueHuHH ZnS mo>kho HAeHTH^HimpoBaTb KaK A 
(327,9 hm); A-A (329,5 hm); A-LO (331,7 hm) nA-e (332,0-333,5 hm). 

KBaApaTHMHaH 3aBHCHMOCTb HHTeHCHBHOCTH OT IUIOTHOCTH B036y>KAeHHH AJIH 

nojiocbi 329,5 hm (cm. Aanee pnc. 3.17,5) KaK 6yATO noATBepxcAaeT stot 
bmboa (cm. TaK>xe pa3A. 3.9; 5.4; 5.6) . 

OueHHM ocHOBHbie napaMeTpbi 3 Kchtohhhx cneKTpoB cyjib<})HAa unmca. 
3HeprHio cbh3h CBoSoAHoro 3KCHTOHa G, cornacHo [1], moxcho Bbipa- 

3HTb KaK 

G = m)[E An=l -E An=2 ], (2.3) 

rAe E A = i ( 2 — nojio>KeHHe 3KCHTOHHbix nojioc (b 3B) b cneKTpe ahh ochob- 
Horo h nepBoro B036y>KAeHHoro coctohhhh ^4-3KCHTOHa. SHaneHHH aneprHH 
CBH3H oKa3biBaioTCH paBHbiMH 0,029 aB atih ccJiajiepHTa H 0,035 3B AJIH BK)p- 
AHTa. B Ta6n. 2.2 AaHbi ocHOBHbie napaMeTpbi 3KCHTOHHoro cneKTpa ZnS. 
IllHpHHa aanpemeHHOH 30Hbi E g ctJjajiepHTa h BiopimTa onpeAennjiacb KaK 

E g = E A n =i +G (2.4) 

h cocTaBHJia npH 77 K 3,824 h 3,901 aB cooTBeTCTBenno. OueHKa npHBeACHHOH 
Maccbi 3KCHTona a b eAHHHuax Maccbi cboøoahoto 3JieKTpoHa m 0 MoxceT 6biTb 
cAenana H3 cooTHomeHHH 

G = 13,6n/e 2 , (2.5) 

rAe e — HH3KOMaciOTHaH AnaneKTpHHecKaH npoHHAaeMOCTb, pannan 83 An« 
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3C ZnS h 8,7 ajih 2 H ZnS [21], CooTBeicTByrømHe pacqeiy AaHHbie ajih 
/ inpHBefleHbi b Ta6n. 2.2. rioACTaHOBKa b cooTKouieHHe 1 /a - l/m * + l/m* 

3(J)4)eKTMBHbIX Macc 3JieKTpOHa m* H AbipKH m^, paBKblX 0,25 h 0,75 coot- 
BeTCTBeHHo [1], AaeT BejiHHHHy a, xoporno cornacyiomyiocH c nojiyneHHOH 
Ajih BiopAMTa b ApyrHX paOoTax (cm. TaSn. 2.2). 

Ha OCHOBaHHH COOTHOUieHHH 

a = h€n 2 /iie 2 , (2.6) 

rAe h — nocTOHHKaH IlnaHKa; n - KBaKTOBoe mhcjio; e — 3ap«A aneKTpoHa, 
h no jiHTepaiypHbiM naHHbiM npMKHTbi 3HaqeHMH bcjihmmk OopoBCKoro paAHyca 
3KcHTOHa a (cm. Ta6n. 2.2), Hcnonb3yeMbie b HacToameH pa6oie. 

B ia6ji. 2.2 npHBeAenbi TaK^ce nojiyqeHHbie H3 cneKipoB 3KepreTHHecKne 
3a3opw r 8 -r 7 MexcAy BajieHTHbiMH 3onaMH c<J>ajiepHTa (E^ c ) h F 9 — F 7 (F 7 ) 
Me>KAy BaJieHTKbIMH 30HaMH BIOpAHTa = Ei M E^C = E 2 ) (CM. pHC. 2.1). 

IlpHBeAeHKbie b Taøji. 2.2 (ctojiOam ”HacTOHiua« pa6oia”) napaMeipbi 3Kch- 
tohkhx cneKTpoB Hcnojib3yioTCH b nocJieAyiomHx rnaBax. 


2.3, CIlEKTPbl H3JiyHEHHH H OTPAJKEHHH nOJlHTMIlOB BEJ1H3H KPAH 

OYHAAMEHTAJlbHOrO nOHlOlUEHHH CyJlbOHAA UHHKA 

Bah cyjib(t>HAa ah hk a HencHbi npHqnHbi h MexaHH3M o6pa30BaHHH nonn- 
ranKbix c^opM. CymecTByei MHeHwe [21], mto ocoOeHHocTH cipyKTypbi 30K 
EpunmoaHa MoryT oObHCHHTb tiojihthtih3m coeAHHeHHH, noAoOnbix ZnS hjih 
S iC. OAHaKo cTpyKTypa 30H rojimthrob ZnS ne HccjieAOBaHa, m ao HacTonme- 
ro BpeMeHH b JiHTepaxype HeT AOCTaTOHHo nojiKbix 3KcnepMMeHTajibKbix 
AaHKwx [15, 27, 227—229], xapaKiepH3yiomHX 3KCHTOKKbie cneKTpbi ero 

ROJIMTHROB. 

C uejibK» RonyHeHHH HH<|)opMaiiHH o cipyKiype KpaeB rnaBHbix 30H HaMM 
6bIRM HCCJieAOBaHbl SKCMTOKHbie cneKTpbi OCKOBKblX (HH3UIHX) ROJIHTHROB 
h cneKTpbi hx KpaeBoro cBeqeHHH. PaccMoxpeHHe ocoOeHHocTen sthx cneKT- 
poB, KaK mm nojiaraeM, no3BonneT nonyqnTb HH<|)opMaAHH) TaK>xe o bahhhhh 
onpeAeneHHbix A e 4>eKTOB Ha nojiHTHnn3M ZnS, H3yqeHbi MOHOKpHCTajuibi 
co CTpyKTypon 2 H, 4 H, 6H, 8H, 3 C. Jbin BbiHcneHHH npHHHH, bjihhkhahx Ha 
o6pa30BaHHe nonnranoB, HCCJieAOBajiHCb o6pa3Abi c pa3jiHqnoH npeAbicTO- 
pHeif: BbipameHHbie H3 ra30B0H 4>a3bi, H3 pacnnaBa, b THApoTepMajibHbix cpe- 
Aax, He nerHpoBaHHbie hjih jierHpOBaHHbie b npouecce pocTa ajiioMHHHeM, 
MeABio, xnopoM, a TaKXce npomeAmne cneuHanbHyio TepMoo6pa6oTKy b na- 
pax KOMnOHeHTOB COeAHHeHHH H HMeiOIAHe OTKJIOHeHHH OT CTeXHOMeTpHH, 
KpHCTajuiHqecKaH CTpyKTypa o6pa3AOB HccneAOBajiacb MeTOAaMH BpameHHH, 
Koccejin, He6an, npoioHorpaijjHH [198, 207, 229]. JJjw MonoKpHCTajuioB, 
BbipameHHbix H3 pacnnaBa, KpHCTajuiHqecKan CTpyKTypa HccjieAOBanacb Me- 
toaom KaqaHHH [18, 19] * IlpoueHT reKcaroHajibHocTH o6pa3uoB a KOHTpo- 
nnpoBajicH no ABynpenoMJieHHio. 

H3BecTHo, hto npH nocneAOBaTenbHOM nepexone ot c<i>ajiepHTa 3C k Biop- 
UHTy 2 H, cornacHo TeopHH [27, 229], niHpHHa 3anpemeHHOH 30Hbi ZnS aoji>k- 
Ha MeHHTbCH JiHHeiiHO b 3aBHCHMOCTH ot npoueHTa reKcaroHajibHocTH cTpyK- 
Typbi. 3 to cnpaBeAJiHBO ahh o6enx nonHpH3aitHH El c h E|| ch npeAno- 
naraeT nocTeneHHoe yBennqeHHe c a pacmeiuieHHH BajieHTHoii 3 ohm b cTpyK - 
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Phc. 2.5. MnKpo<})OTorpaMMbi cneKTpoB OTpaxce- 
Hwa npM 77 K noniroinoB cyjib<})HAa immca c co- 
nep>KaHMeM KHCJiopona < 10 ~*moji.% 


Phc. 2.6. CneKTpbi KpaeBott KaTcmojiioMHHecueH- 
uhh npw 80 K HH3UIHX nojiHTHnoB cym»4>ima uhh- 
Ka c coAep>KaHHeM KHCJiopona > 4-10" s moji.% 
(a) h MOHOKpHCTajuiOB 3 C ZnS h 4 H ZnS, TepMO- 
o6pa6oTaHHbix b napax cepbi iidh 1050°C (6) 

HHTepnpeTauHH o6o3HaHeHHH Rana 

nanee b rn. 3 





3200 3300 3m 3500 3700 A Å 


4. 3aK. 1370 
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Ta 6 /iui 4 a 2.3. 3KCHTOHHwe cneKTpbi hhsiiihx noJiHTwiOB ZnS npw 77 K 
h pacweTHbie BejiHHHHbi pacmenjieHHH BajieHTHOH 30Hbi 


IlapaMeTp 

rioJiHTHn (a. %) 


2/f (100) 

4 H (50) 

Elojioca oTpaacemiH, hm (aB) 

320,66 (3,8660) 

323,60 (3,8309) 


318,32 (3,8944) 

322,25 (3,8469) 


31 1,30 (3,9823) 

316,50 (3,9168) 

A cr aB (cm -1 ) 

xeopeTHMecKaH 

0,0550 (444) 

0,0275 (222) 

3KcnepHMeHTajibHafl 

0,055 (444) 

0,028 (226) 

Ago, 3B (cm -1 ) 

0,089 (718) 

0,074 (597) 

Eab> sB (cm' 1 ) 

0,028 (226) 

0,016 (129) 

EaC* 36 

0,116 (936) 

0,086 (694) 

Eg (G),aB 

3,901 (0,035) 

3,863 (0,032) 


Typax nojiHTHnoB ot 0 ajih c<})anepHTa a o £^040 BiopuHTa. IloaTOMy 
cnenoBano oxrøAaTb, mo aKCHTOHHbie cneKTpbi nonwTHnoB TaK >Ke, KaK h 
cneKTpbi KpaeBoro CBeneHHH, 6yayT 3aHHMaTb npoMexcy TOMHoe nonoxeHHe 
Me)Kn,y cneKipaMH 3 C h 2 H. 

OAKaKO npH 3K CnepHMeHTaJIbKO M HCCneAOBaHHH 3KCHTOHHbIX cneKTpoB 
nojiHTHnKbix 4>opM nepBOHaqajibHO mm He nonyqHAH noATBeparøeHHH TeopHH, 
nocKOJibKy HMejiH ahh o6pa3uoB, BbipameHHbix pa3HbiMH MeTOAaMH, cymecT- 
BeHHbiH pa36poc b cneKTpajibHOM nojTo>KeHHH nonoc. IlpeflnojiaraH, hto 3TO 
MOKCT 6bITb CBH3aHO C npHCyTCTBHeM KHCJlOpOfla B KpHCTajIJiax, Mbl HOnbl- 
TanHCb HCKmoHHTb ero BJiHHHHe. fljifl 3Toro Gbuiw npeanpHHHTbi wccneAOBa- 
HHH MOHOKpHCiajIJIOB nOJIHTHIIHblX 4>OpM, ITOJiyHeHHblX B npOTOMHOH CHCTCMe 
H3 ra30BOH 4>a3bi b H 2 S npH 1300 °C. B KanecTBe KpHCTannoB KyGnnecKOH 
MOzm4)HKauHH Hcnonb30BaHbi nmpoiepManbHbie ^KHcnbie” cc}>anepHTbi. 

Ha pHc. 2.5 npHBeAeHbi MHKpocJjoTorpaMMbi cneKTpoB OTpa>KeHHH nonw- 
thhob 2 H, AH, 6H, 8 H t 3C npw 77 K. B cKoOicax yKa3ana nojiyuiHpHHa nonoc, 
xapaKTepHayiomaH creneHb coBepuie hctb a HccneAyeMbix KpHCTajuiOB. Ha 
pwc. 2.6 npeAdaBJieHbi cneKTpbi H3nyneHHH Tex >xe nonHTHiiHbix (J)opM. 

Ilojio>KeHHe ocKOBKbix (n = 1) nonoc OTpaxceHHH 3 kchtohob A, B n C npH- 
BefleHO b Ta6n. 2.3. B cootbctctbhh c KBa3HKy6HnecKOH MOflenbio H3 3Kcne- 
DHMeHTaJIbHblX 3K CHTOHHblX CneKTpOB 6bUIH pacC*lHTaHbI BeJIHHMHbl CIIHH- 
opOHTanbHoro A so h KpHCTaiuivmecKoro A cr pacmeiuieHHH BaneHTHOH 3 ohw 
ZnS. riojiyneHHbie 3HaneHHH A cr xopouio cornacyrøTCH c TeopeTHMecKHMH, 
paccwTaHHbiMH b npeanonoxceHHH jihhchhoh 3aBHCHMOCTH Eg BejiH- 

MHHbl pacmeiUieHHH BaneHTHOH 30HbI Ei = EAB H E 2 = E AC B 3aBHCHMOCTH 
ot ol HCCJieAOBaHHbix cTpyKTyp npeACTaBiieHbi Ha pwc. 2.7. McKnioHeHHe 
BJIHHHHH KHCJlOpOfla, AeHCTBHTeJIbHO, AaeT JIHHeifHyiO 3aBHCHMOCTb Eg, HJIH 
A -3KCHTOHa, OT OL. BeJIHHHHbl 3HepreTHMeCKHX 3a30p0B El H E 2 H3MeHHK)TCH 
HejiHHeHHO, mo cooTBeTCTByeT HeJiHHeiiHOMy cMemeHHio nonoc B- h Cokch- 
tohob b cneKTpax. Tpac^HuecKaH HHTepno jihuhh BenHHHH A so , A cr , E x h E 2 
Ha Becb HHTepBan H3MeHeHH« a no3Bon«eT onpenennTb BenHMHHbi pacmen- 
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IlonHTHn (a, %) 

6 H (33,3) 

8 H (25) 

3C(0) 

324,60 (3,8191) 

325,10 (3,8132) 

326,65 (3,7951) 

323,70 (3,8297) 

324,40 (3,8216) 

321,20 (3,8595) 

318,20 (3,8959) 

319,00 (3,8861) 


0,0183 (148) 

0,0137 (110) 

0,0000 

0,018 (145) 

0,013 (105) 

0,000 

0,070 (565) 

0,068 (548) 

0,064 (516) 

0,010 (85) 

0,008 (66) 

0,000 

0,077 (621) 

0,077 (589) 

0,064 (516) 

3,850 (0,031) 

3,843 (0,030) 

3,824 (0,029) 


JieHHH, HJ1H IIOJIO^CeHHH 3 KCHTOHHbIX nOJIOC, B OieKTpaX JpyrKX nOJIHTHTIOB 
ZnS c H3BecTHbiM npoueKTOM reKcaroHajibKOCTH. 

Ha ocHOBaHHH nojiyqeHHbix pe3yjibTaTOB npoaHajiH3MpyeM cneKTpbi nojiH- 
thiiob ZnS, BbipameHHbix ApyrnMH MeTOAaMH. B Ta6n. 2.4 npHBeaeHbi 3Kcne- 
pHMeHTanbHbie naHHbie ann o6pa3uoB, BbipameHHbix H3 paciuiaBa h jierHpoBaH- 
Hbix ajnoMHHHeM h TepMoo6pa6oTaHHbix b napax KOMnoHeHTOB. KaK cjieayeT 
H3 aaHHbix TaOnwubi, cneKTpajibHoe nonoHceHHe 3KCHTOHHbix hojioc orpa>KeHHH 
nOJIHTHHOB MO>KeT 6bITb cymeCTBeHHO pa3nHHHbIM. TaK, 3KCHTOHHbie y4-H ^-no- 
nocbi nojiHTHna 6 H MoryT 3aHHMaTb cneKTpajibHoe nojiOHceHHe, cBOHCTBeHHoe 
A -3KcHTOHy ccfrajiepHTa, hjih aaxce HcnbiTbroaTb eme 6onee ajihhhobojihoboc 
CMemeHue. Mexmy tcm cTpyKTypa cjihtkob 6btna Haae>KHo HaeHTHc})HUHpo- 
Bana no peHTreHorpaMMaM KaK 6H [18]. CneKTpajibHoe nojioaceHHe 3kch- 
TOHHbix nonoc OTpaxceHHH onpeaenneT BejmqHHbi E AB a E A c, TaK>Ke coot- 
BeTCTByroiime nonHTHny 6H (cm. Ta6n. 2.3). IIoflo6Hbie sKcnepHMeHTajibHbie 
AaHHbie HaxoAHT oSbHCHemie, ecnw yqecTb npHcyT ctbhc pacTBopeHHoro khcjio- 
poaa b KpHCTajinax b BHae TBepaoro pacTBopa 3aMemeHHH. 

MoHOKpucTajuibi ZnS, BbipameHHbie H3 ra30Boii 4>a3bi, TaK>xe b pnae cny- 
qaeB oøHapyxcHBaioT cymecTBeHHbm ArøHHOBOJiHOBbiH cabht 3KCHTOHHoro 
cneKTpa, TaK qio nonocbi 6 H, 8 H h flpyrax nonHTHnoB MoryT cootbctctbo- 
BaTb no AJiHHaM bojih cneKTpy c<})ajiepHTa. B cbh 3 H c 3thm HccneaoBaHHH 
3KCHTOHHbix cneKTpoB TaKHx o6pa3AOB, b qacTHocTH pacmenneHHe A(B)- no- 
nocbi ccJ)ajiepHTa, ipeØyioT o6H3aiejibHoro kohtpojih hx cipyKTypbi peHTre- 
HOBCKHMH MeTOflaMH [188]. 

Ha ocHOBaHHH H3noxceHHoro mohcho 3aKJiioqHTb, mto b npHcyTCTBHH pad- 
BopeHHoro KHcnopofla b peineTKe ZnS 3KCHTOHHbie cneKTpbi OTpaxæHHH, 
nornomeHHn hjih KaioAonioMHHecueHiAm He narøT 0AH03HaqHbix cBeaeHHH 
o CTpyKType nojiHTHna. HeBepHwe 3aKjiioqemiH b stom cnyqae moxcho cfle- 
naTb h no H3MepeHHHM ABynpenoMJieHHH. fleHCTBHTenbHo, oahoh H3 npnqHH 
H3MeHeHHH ABynpejio mjichhh ZnS, no naHHbiM pa3Hbix pa6oi ot 0,002—0,024 
[27, 57] ao 0,050 [229—231], mcokct ØbiTb HanpHaceHHocTb MOHOKpHCTajuiOB 
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Phc. 2.7. 3aBHCHMOCTt HeKOTopbix napaMerpoB 3 kchtoHH oro cneKTpaw bcjihmhh pacmen- 
neHHH BajieHTHoft 3ohm UKHKa ot npoueHTa reKcaroHanutoctn a 


BcneflCTBHe HajiHHHH b hhx oKCHAHbix Bbij^eneHHH. KpoMe Toro, ABynpenoM- 
neHHeM oønaAaeT TBepAbm pacTBop 3CZnS • O. HccneAOBaHHH rHApoTepMaJib- 
Hbix C(J)anepHTOB noKa3aJiH, mto ab y npeno mji eme hx yMeHbiuaexcH npHMep- 
HO Ha 2 • 1CT 4 npH H 3 MeHeHHH KOHUeHTpaUHH paCTBOpeHHOro KHCJIOpOAa OT 
0,7 AO 0,1 MOJIb.%. 

06 o6pa30BaHHH crpyKTypbi nonHTHnoB mo>kho cynATb TaioKe no pe 3 yjib- 
TaiaM npemi3HOHHbix H 3 MepeHHH iuiothocth MOKOKpncTaJUTOB [151], no- 
CKonbKy iuiOTHocTb ccJjanepHTa 3aMeTHo Gojibiue, qeM y hh3Iiihx nH nojrø- 
ranoB. KaK bhaho H 3 Ta 6 n. 2.4, H3M€H€HH6 iuiothocth ZnS npH 4>a30BOM 
nepexofle AocmraeT 10~ 2 t/cm 3 ; sto cymecTBeHHo 6 ojibine, qeM bhhhhhc 
T oqeqHbix coåcTBeHHbix Ae<J>eKTOB (cm. pa3A. 1.3), h noaroMy 0AH03HaqH0 
MOMceT cBHAeTejibCTBOBaTb 06 H 3 MeHeHHH cTpyKTypbi KpHCTartna. 

IlpHcyTCTBHe KHcnopofla b peajibHbix KpHCTarmax nojiHTHnHbix 4>opM ZnS 
no3BOJiHex oSbHCHHTb h He HHTepnpeTHpoBaHHbie paHee [227] cneKTpbi Kpae- 
Boro cBeqeHHH TaKnx o6pa3AOB. Y tbkhx KpHCTajuioB b KpaeBOM cneKTpe 
npHcyiCTByioT (cm. p«c. 2.6, a), a HHorna h npeoSnaAaioT (cm. pnc. 2.6, 6) 
3KBHAHCTaHTHbie cepHH nonoc, 6 onee KopoiKOBOjiHOBbie, qeM CBeqerøfe ao- 
HopHO-aKuenTopHbix nap. 

SHepreTHqecKHH 3 a 3 op A p ronoBHoii ahhhh 3 Toh cepHH h A Hp aKCHTOHa 
no cneKTpaM nonHTHnoB ZnS HMeeT npoMexcyToqHoe 3 HaqeHHe no cpaB hchmio 
co c 4 >anepHT 0 M (0,09 aB) k biopuhtom (0,085 3 B). Tpynna nonoc A\ OTcyT- 
CTByex b cneKTpax k aTOnon iomhhccachahh HanGonee qHCTbix no KHCJiopoAy 
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TaGauua 2,4 . 3KCMTOHHbie cneKTpbi OTpaucCHHH npH 77 K KpHCTajmoB ZnS, 
IlOJiyTOHHblX B pa3J!HHHblX yCJlOBHHX 


CxpyKTypa 

PexcHM nonyqeHHa 

Flonoca OTpaxce- 
HHH, HM (3B) 

nonyuiHpHHa 
nonoc, HM 

rtnOTHOCTb, 

t/cm 3 

4 H 

1150 °C, P$ 2 = 

325,0 (3,8144) 

1,4 

4,0812 


= 2 aTM, 48 q 

323,6 (3,8309) 

1,4 




317,8 (3,9008) 

3,0 


4H 

1050 °C, = 

324,4 (3,8216) 

1.3 

4,0813 


= 6 aTM, 48 q 

323,05 (3,8374) 

1.3 


4 H 

1050 °C, Ps = 

324,1 (3,8250) 

0,9 

4,0887 


= 12 aTM, 4§ q 

322,76 (3,8409) 

0,9 


3 C 

1050 °C, Pzn = 

328,0 (3,7795) 

2,5 

4,0962 


= 4 aTM, 28 q 

322,5 (3,8440) 

4,0 


6 H 

ZnS • Al 

326,8 (3,7934) 

0,7 



5 ■ 10" 3 %, 

325,9 (3,8039) 

0,7 

- 


1800 °C 

320,3 (3,8704) 

2,0 


6 H 

ZnS • Al 

325,7 (3,8062) 

0,8 



2 - I0‘ 2 %, 

324,8 (3,8168) 

0,8 

- 


1800°C 

319,2 (3,8837) 

2,0 


2 H 

ZnS - Al 1%, 

322,8 (3,8404) 

r 

- 



320,4 (3,8692) 

- 



1800°C 

— — 

- 



KpucTajiJioB, ho npeo6nanaei b KpaeBOM cBe^eHHH iiojikthiiob, coAepxcamnx 
KHCJIOpOA. 

MHTepeCHO OTMeTHTb ACTaJIH KpaeBblX eneKTpOB MOHOKpHCTaJUIOB (cm. 
Phc. 2.6, 6) , jjjih KOTopbix Ha^ajiacb, ho ne 3aBepniHJiacb (BcnencTBHe Majio- 
ro flaBneraH Ps ) nepecrponKa CTpyKTypbi 3C^4H, Unn hhx HaGnioAaioT- 
ch He oGbWHbie ZO-noBTopw, a TO- h 7>i-4>oHOHHbie noBTopw ronoBHbix jih- 
hhh kopotkobojihob bix cepHH KpaeBoro cneKTpa (oTMeqeHbi cTpenKaMH). 
IIoAoSHbiH mothb Kpaesoro cBeqeHHH, KaK npaBHJio, He HaånrøAaeTCH b Apy- 
rnx cnyqanx. Mohcho npeAnonoxcHTb, hto Ae^xjpMauHH, onpeAenmomHe 3 tot 
bha Kone6aHHH b pemeTKe, CBH3am>i c npHcyTCTBueM KHCJiopoffa, TaK KaK 
nonoGHbie cneKTpbi He HaGjnonaioTCH b «mcTbix KpHcrajuiax. 

ÅHaJiH3 oco6eHHocreH okchtohhmx h KpaeBbix eneKTpOB nojiHTHiiHbix 
<Jx>pM ZnS c pa3jniqHOH npeflbicropHeH no3BOjineT nojiy^HTb HHcJropManmo 
o bjihhhhh HeKOTopbix npHMeceH, HanpHMep KHCJiopona, Ha noJiHTHrareM 
cyjib4>Hna UHHKa. M3BecTHo, mo ciaiOHHocTb ZnS k nojiHTHiiH3My onpene- 
jineTCH 6ojibinHM cxoactbom crpyKTyp 3C h 2H h, b qacTHocTH, TeM, mto co- 
OTHomeHHe BenHrøH hx napaMeipoB c/a cpaBHHTenbHo Mano oTjuwaeTCfl ot 
c/a HfleajibHOH nnoTHewineH ynaKOBKH inapoB 1,633, oSecneqHBaiomeH Teipa- 
3ApmecKHe cbh3h. IIoaTOMy nenipoBaHHe hjih oTKJioHeHne ot cTexBOMeTpra 
MoxceT cflenaTb orøy H3 MOAH(J)HKanHM 6onee ycTOHHHBOH, T.e. cnocoåcTBo- 
Ba*rb <J>a30B0My nepexony 3 C -+ 2H. 

H3 jiHiepaiypbi H3BecTHO cra6HJiH3Hpyiomee bjihhhhc KHCJiopona Ha reK- 
caroHajibHbie MOAH<})HKaAHH ZnS [21, 154, 207, 232]. Mw Taicxce Ha6jnoAajiH 

B 03 HHKH 0 BeHHe BIOpUHTa Ha nopOUIKaX MapKH ”AAH JIK)MHHO(J)OpOB” npH 
TepMOo 6 pa 6 oTKe b napax UHHKa npn 850—900 °C, kotab KOHAeHipaimn pacT- 
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BopeHHoro KHcnopofla B03pacTaeT nonm no 1 mojt.%. CiaoHJiHsauHH 2//-CTpyK- 
rypbi b tokkhx cjioflx ZnS [232—234] npn H 36 hiTKe iiHHKa TaKx<e, omcbhaho, 
onpeftejineTCH pacTBopeHHbiM KHcnoponoM. Tot ^kt, mo KHCJiopon conyT- 
CTByeT o6pa30BaHHio noJiHTHiiHbix (})opM ZnS, TaK>Ke ecTb cjieflCTBHe cthShjih- 
3aUHM 3THX CTpyKTyp B npHCyTCTBHH paCTBOpCFTHOrO KMCJTOpoaa. 3 TO My cno- 
coScTByeT noBbimeHHaH pacTBopHMocTb O s b reKcaroHanbHbix CTpyKTypax 
(cm. pnc. 1.15). 

HcKJiioqeHMeM oKaaanHCb pe3ynbTaTbi no CTa6nJiH3aimn nojiHTHna 4//ZnS • O 
npn TepMoo6pa6oTKe b napax cepbi. AHanormiHoe HBJieHHe HaOnioAajiocb b 
pa6oTe [154], b KOTopon OTMeuanoch B03HHKHoBeHHe nomminoB b ZnS, 
TepMOo6pa6oTaHHOM b napax cepbi b npHCyTCTBHH KHCJiopoAa. JI/ih qncToro 
cynb^JHAa iiHHKa nofloGnan o6pa6oxKa naBana jiniiib yjiy^nueHHe KyOn^ecKOH 
pemeTKH. IIpH TepMOo6pa6oTKe ZnS b napax ahhkb, KaK noKa3ajin Hamn nc- 
cnenoBaHHH [227], HHKorna ne yAaeTca 3a<])HKCKpoBaTb CTpyKiypy 4 H (npn 
300 K), xoth coAepxcaraie pacxBopeHHoro KHcnopona b KpHCTanjiax 6buio 
Toro xce nopnAKa. non,o6Hbie npoTHBOpeqHBbie SKcnepHMeHTajibHbie <j>aKTbi 
o 6 t>HCKHK)TCH APyrHMH 3<})<t)eKTaMH, a HMeHHO B03HHKH0BeHHeM BblAeneHHH 
b o6pa3uax ZnS * S, KOTopbie npenHTCTBym npoieKarono (JiaaoBoro nepe- 
xona 4// -► 3C npn oxjiaxcA^HHH ot TeMnepaiypbi 1050 °C, cooTBeTCTByromen 
cepeAHHe TeMnepaiypnon oOnacTH ycTomtHBQCTH cTpyKTypbi 4 H (cm. paan. 5.2). 

TaKHM o6pa30M, bo bccx cny^aux, no narneMy MHemno, pacTBOpeHHbm 
KHcnopoA b ZnS cxa6HJiH3HpveT reKcaronanbKbie c^a3bi. Ochobhoh npmiHHOH 
3Toro HBjineTCH yBejiHMerøie Bioiana hohhoh cbh3 H npn pacTBopeHHH ZnO 
b ZnS, mto npHBOAAT, cornacHo paSoie [235], k B03HHKHOBeHHio chjt nonn- 
pH3auHH h Ae^opMaixHH KOBajieHTKon pemeTKH cc|)ajiepHTa. YpaBHOBemHBa- 
HHe enn nojiHpH3auHH k ynpyrnx chji pemeTKH ZnS AOCTHraeTCH npn HCKax<e- 
hhh HAeanbHOH CTpyKTypbi imoTHenmeH ynaKOBKH (c/a = 1,633) c o6pa30Ba- 
raeM ”MeTacTa6HnbHoro” BiopAHia (c/a > 1,633). Connacno HaniHM npeuH- 
3HOHHBIM H3MepeHHHM napaMCTpOB pemeTKH (cm. pa3A. 1.4) , paCCTOHHHe 
MexcAy cjiohmh nnoTHenmeH ynaKOBKH y reKcaroHajibnoro cynb^HAa AHHKa 
(^oooi)w = 3,1307 Å cymecTBeHHo 6onbme, neM y o|)anepHTa ( d x 11 )^ = 3,1229Å. 
npn BejnwHHax ({/u 0 ) s =3,8249 Å h (<7iooo)w = 3,8260 Å oTHomeHHe 
2dni/du 0 Ann c(})anepHTa paBHo 1,6328, b to BpeMH KaK ahh BiopuHTa c/a 
cocTaBjineT 1,6365. TaKHM o6pa30M, $a30Bbm nepexoA 3C-+2H, hjih CTa6n- 
JiH3auHH reKcaronanbHOH cxpyKTypbi ZnS b npncyT ctbhh KHCJiopoua, AOJixceH 
conpoBox^AaTbCH yBejnmeHHeM, a ne yMeHbmeHHeM [236, 237] oTHomeHHH 
2d in /d ll0 c({)ajiepHTa (hjih c/a BiopuHTa). 

B npHCyTCTBHH npHMeceii Al, Cu, Mn, Ag [232—240], a TaKace coGctbch- 
Hbix Ae(})eKTOB [232—234] cymecTBenHyio ponb b cTa 6 HJiH 3 aAHH toh hjih 
HHOH MOAH(])HKaUHH ZnS, nO-BHAHMOMy, MOXCeT HrpaTb KaK BJlHHHHe 3TOH 
npHMecH Ha pacTBopeHHe KHCJiopoAa b cynb(J)HAe UHHKa, iaK h Ae(J>opMaAHH, 
BHOcHMbie npHMecbio. HanpHMep, b npHCyTCTBHH amoMHHHH h Map ramia, 
cxa6HJiH3HpyiomHX BioprøT [17—19, 61, 207, 238, 239], B 03 HHKaeT cxcaTHe 
b KaiHoHHOH noApemeTKe, nocKonbKy npHMecn hmciot TeTpaaApn^ecKHe pa- 
AHycbi, KOTopwe MeHbme pa 3 Mepa 3aMemaeMoro UHHKa. HccneAOBaHHH H3- 
MeneHHH MexcnnoCKOCTHbix paccTOHHHH b ZnS npH nepecipoHKe CTpyKTypbi 
b biopaht b pe3yjibTaTe jierHpoBaHHH ccJjanepHTa ajiiOMHHHeM noKa 3 biBaK)T, 
mo npn 3 tom HaOmoAaeTCH yBennnenHe MexamocKOCTHoro paccTOHHHH dm 
h yMeHbmeHHe d il0 [17—19]. IIoaTOMy Ha yBejimeHHe c/a ao 1,6386 b 

54 



ZnS • Ai, B03MO5KHO, BJIHHMX CHCaTHH B KaTHOHHQH nOApeUieiKe, COnpOBO>K- 
oaiomHecH yMeHbiueHHeM napaMeTpa a. 

C Apyrow cxopoHbi, Mem», Koxopan cxa6iuiH3Hpyex c<})ajiepHx [17—20, 
206, 240], co3£aeT pacxnxæHHH b KaxHOHHofi noApemeTKe, nocKOJibKy HMe- 
ex qpaBHHienbHo Gojimhoh xexpasnpHAecKHH paAnyc h MO>Kex Aasaxb nefyeK- 
tw BHenpeHHH [241]. 3KcnepHMeHTanbHo HaGnioAaexcH [17-19] yMeHbine- 
Hue oTHoixieHHH 2 din/duo c<]>ajiepHia ao 1,6332 npn nerHpoBaHHH MeAwo, 
qxo npH&riH>KaeT 3Haqeroie 3 xoh BejiOTHHbi k HAeajibHoif. 

CTa6miH3aAHH tom hjih hhoh peinexKH npH a empoBamm HaGjnoAaexca 
TOJibKO npn KOHueHTpauHHX npHMecen > 10 ' 2 % [ 207 , 236 ]. 3xo cnpaBeAAHBO, 
BHAHMO, H no OTHOlXieHHK) K COGcXBeHHMM XOHerøblM AetfreKXaM, fleiJjOpMailHH, 
BHOCHMbie HMH npH KOHAeHXpaAHHX 10 18 CM~ 3 , COCXaBJIHIOX 5 • 10~ 5 Å [ 172 ] . 
Oahbko cneAyeT y^HXbiBaxb, hto bo Bcex cnyAaxx <J>a30Bbie nepexoAM HaGmo- 
Aajincb b KpHCTajmax, conepxcamHX khcjiopoa, a Ae<Jx>pMaAHH, BHOCHMbie 
KHCJiopoAOM, noMra nå ab a nopHAKa Gojibiue bjihhhhh xoAeqHbix ne(J)eKTOB. 
TaK, H3MeHeHHH MeXOUIOCKOCXHblX paCCTOHHHH npn paCTBOpeHHH [O s ] = 
“ 0,15 MOJl.% COCXaBJIHIOX ajih 2J in H d 110 1,6 • 10 -3 H 8 • 10~ 4 Å (cm. 
pa3A. 1.4). Ilo3TOMy bjihhhuc npHMecen Ha cxa6HJiH3aAHio xoh hjih hhoh mo- 
OTtJjHKaUHH B npHCyTCTBHH KHCJIOpOAa MOXCeX 6bITb oGyCnOBJieHO BJIHHHKeM 
nx na pacTBOpHMO en» KHcnopoAa b ZnS (cm. pa3A. 5 . 5 ; 5 . 6 )^ 

2.4. BJ1HHHHE AEOEKTOB YI1AKOBKH HA 3KCHTOHHbIfi CI1EKTP 

TeopenmecKoe paccMOTpeHne bjihhhhh acc^cktob ynaicoBKH Ha skchtoh- 
Hbie cneKTpbi ZnS b 3 aBHCHMOCTH ot npoueHTa reKcaroHajibHocxH a 6bmo 
npoBeAeHO b paGoie [229]. npH 3 tom cAenaHbi AonymeHHH, hto Ae<i>eKXbi 
ynaKOBKH pacnpeAeneHbi b Kpnciajine ciaxHCXHqecKH paBHOMepHo, a Ha rpa- 
HHAe c4)ajiepHT— biopaht noTeHAHajibHbie Gapbepbi He B03HHKaiox. Kaie h ahb 
noJiHTnnoB, c yBejiHHeraeM nponeirra reKcaroHanbHocxn, hjih KOHueHxpauHH 
Ae(J)eKTOB ynaKOBKH, b ZnS aojdkho HaøjnonarbCH nnHenHoe H3MeHeHHe E g . 

3KcnepHMeHTajibHoe HCCJieAOBaHHe cyjib(|)HAa AHHKa c Ae4> eKTaMH yna¬ 
KOBKH Gbino npeAnpHHHTo b pnne paGoT [17, 188—195, 227, 230—234, 242- 
243]. ÅHaJiH3 3THx paGoT noKa3biBaeT, qxo HecMoxpn na HajiHMHe (JjyHAaMeH- 
TanbHbix xeopexnqecKHX HccneAOBaHHn [187—193, 242], AaHHbie 3Kcnepn- 
MeHTa oMeHb nponreopeHHBbi, Ilo3TOMy b HacTonmee BpeMH oxkpmxbim ocxa- 
excn Bonpoc o xapaKTepe aHeprenraecKoro CMemeHHH 3KCHTOHHbix nojioc 
ZnS npn hbjihahh b o6pa3uax Ae<}>eKxoB ynaKOBKH. IIo ashhhm [189], 3kch- 
TOHHbie nonocbi He ncnbiTbiBaioT CMemeHHH, a BejiHMHHa E ÅC He H3MeHHexcH 
AO KOHueHTpamiH Ae<t>eKTOB ynaKOBKH, paBHon 11%. Pe3yjibxaTw paGoxw 
[188] He cooTBexcxByrox 3 xhm BMBOAaM, KaK h Hanm 3KcnepnMeHxajibHbie 
AaHHbie [244]. Me»Ay xeM pememe Bonpoca o xapaKiepe CMemeHHH 3 kch- 
xoHHbix cneKxpoB npn HajiHHHH b KpHCxajmax Ae^eKxoB ynaKOBKH npencxaB- 
Jinex rarrepec KaK ahh xeopexxwecKHX pa3pa6oxoK, xaK h ajih co3AaHHH Me- 
ioahk KOHxpojiH npHcyxcxBHH b ZnS Ae^eKxoB ynaKOBKH no cneKxpajibHo- 
My nonoxceHHio skchxohhmx nojioc. 

HccneAOBaHHH onxHHecKnx cbohcxb ZnS [232-234, 243-246] noKa3a- 
jih cneAyiomee: 1) Ae^eKibi ynaKOBKH BO3HHKai0i b c<})aJiepHxe npenMy- 
mecxBeHHo npn xepMooGpaGoxKe c 3 aKajiKon o6pa3AOB b napax cepbi; 3xo 
cnpasenAHBo kbk aah xohkhx cnoeB ZnS, xaK h aah noponncoB hjih moho- 
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KpHCTaruioB [119, 173, 198, 247, 248]; 2) c vb ejiHneHHeM KOHueHtpauHM 
ae(J)eKTOB ynaKOBKH HMerøT Mecxo cymecTBeHHbie cABHra 3KCHX0HHbix no- 
jtoc — OTHHHOBOjiHOBbie b cny^ae Brøprøxa h KopoxKOBOJiHOBbie b cnyMae 
C({)ajiepHxa; 3) napaMexpbi h o&beM 3JieMeHxapKOM hmchkh npn boshhkho- 
BeHHH fle<|>eKTOB ynaKOBKH yBejiHHHBaioT ch ajih 3CZnS h yMenbiuaioxcH 
OTH 2//ZnS; 4) a6cojnoxHafl hhxchchb Hocxb Bcex iiojioc niOMHHecueHAHH 
b npHcyxcTBHH necJjeKxoB ynaKOBKH 3aMexHo naaaex. ÅHajiorHHHo MeHaex- 
c k h (Jjoxoxok cnoeB [130], HccJienoBaHHH cneKTpajibKoro pacnpenejieHHH 
KaxoAO-, 4>oxojiioMHHecueHUHH h cneKxpoB B036yxcfleHHH [246, 247] no- 
Ka3anH, qxo c B03HHKH0BeHHeM Ae<])eKxoB ynaKOBKH qacxo KoppejiHpyex 
yCHJieHHe OTHOCHTeJIbHOH HHXeHCHBHOCXH KO pO X KOBO JIHOB BIX CepHH IIOJIOC 

KpaeBoro cneKxpa KaxoAojnoMHHecueHUHH. 

ØAHaKO ajih yxoqHeHHH KOJiHqeciBenHbix 3aBHCHMOCxen cneKxpanbHoro 
nonoxceHHH nojioc KpaeBoro cneKxpa ZnS ox npoueHxa reKcaroHajibHocxH, 
oSycjioBjieHHoro jjecJjeKiaMH ynaKOBKH, 3thx HCCJiejjpBaHHH OKa3anocb He- 
Aocxaxo^Ho. JXeHCTBHTejibHo, Hcnojib30BaHHe mcxootkh peHxreHoexpyKxyp- 
noro aHajiHaa [175] He Bcerfla no3BOJiaex onpenejinxb b oGpaanax o6mee 
conep>KaHHe ne<J)eKX0B ynaKOBKH Bcex xhhob (cm. rn. 1) b npncyxcxBHH 
KHCJiopona. Meagjy xeM ABOHHHKOBbie ne<J)eKTbi (cm. pnc. 1.2, a ) b pnne 
cnyMaeB hbjihioxch npeoåjianaiomHMH b MOHOKpncxajuiax. IloaxoMy 6buin 
HccjienoBaHbi MOHOKpHcxannbi c<|)ajiepHxa c Hcnojib30BaHHeM mcxoahkh, onn- 
caHHOH b pa6oxe [18, 19]. 3xa MexoAHKa pa3BHTa ajih rpaHeueHxpnpoBaH- 
HOH Ky6HH6CKOH CipyKXypbl C pOCIOBbIMH H ne4>OpMaUHOHHbIMH Ae4>eKTa> 
mh ynaKOBKH. CornacHo xeopHH, y3Jibi oSpaxHoft pemexKH c HHfleKcaMH 
H+K + L : =3n± 1 pa3MMBaioxcH Bflojib pnnoB, napanJienbKbix [111] b npH- 
cyxcTBHH ne<})eKTOB ynaKOBKH. HccnenoBaime HHTeHcHBHocxeii oTpaxceHHH 
ox xaKHX nnocKocxen no peHTreHorpaMMaM Ka^aran no3BOJiaex onpenenflxb 
KOHueHTpamno Bcex mnoB necJjeKxoB ynaKOBKH b Kpncxajuiax. Kan noKa- 
3anH HccnenoBaHHH C(|)ajiepHXOB, BbipameHHbix H3 pacnnasa, conepxcaHHe 
ne^iopMaimoHHbix ne4>eKX0B ynaKOBKH b hhx 6jih3ko k 0% [18, 19], no3To- 
My onpeAejiHeMyrø cyMMapHyio KOHueHxpauHio ne^eKTOB ynaKOBKH mo>kho 
paccMaxpHBan> KaK pocxoBbie ne^eKTbi. C uenbio noBbnneHHH qyBCTBHxenb- 
HOCTH H TOHHOCTH H3MepeHHH 6bUI HCn0JIb30BaH AH^jpaKXOMexpHHeCKHH Me- 
XOA H3MepeHHfl HHXeHCHBHOCTH pe(|)neKC0B [19]. 

Pe3ynbxaTbi Hamnx HccjienoBaHHH nono^ceHHH A -nonoc 3 kchxohhmx cneKT- 
poB oxpaxceHHH npn 77 K pa 3 JiHHHbix paciuiaBHbix c^ajiepnxoB b 3aBHCHMoe- 
xh ox conep)KaHHH b hhx ne^eKToB ynaKOBKH npHBeneHw Ha pnc. 2.8, a (aKcne- 
pHMeHxanbHbie xomkh) . Unn cpaBHeHHH Ha 3xom pncyHKe naHeceHbi ciuioiimbi- 
MH JIHHHHMH JIHHeHHbie 3aBHCHMOCXH H3MeHeHHH nOJIO^CeHHH 3KCHXOHHBIX 
nonoc A h B ot npoueHTa reKcaroHajibHociH, nocrpoeHHwe no naHHbiM ajih 
6ecKHcnopoflHoro c^anepnxa (cm. xa6n. 2.3) . OåpamaeT BHHMaHHe tot <J>aKi, 
hxo Bce 3KcnepHMeHxajibHbie to*ikh (pnc. 2.8, a) Ha 3—5 Å CMemeHbi b ajihhho- 
BOJiHOByio cxopoHy ox npHMOH A, flnn o6pa3UOB, nernpoBaHHbix anioMHHHeM, 
cABHr MOMceT nocinraTb 4—8 Å. Cnenyex oxMeraxb, hxo npn TeMnepaType xoifl- 
Koro æjo^a HaM xoJibKO b peflKHx cjiynaHX ynaBanocb HaOjuonaxb pa3flenbHo 
A- h 5-nojiocbi b KpHCTarmax c ne<])eKxaMH ynaKOBKH b oxjihmhc ot [188]. 
Sto CBH3BH0 C TCM, HTO npH HaUH^HH Ae^KXOB ynaKOBKH B KpHCTaJUiaX B KO- 
nnqecTBe 5—10% skchxohhwc nonocbi cymecTBerao yiimpmoT ch . CornacHo 
HaniHM AaHHbiM, yxce npH KOHueHxpauHH ne<})eKTOB ynaKOBKH 8—10% A- 
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Phc. 2,8. SaBHCHMOCTb cneKTpaiibHoro nojK»KeHHH npH 77 K 3KCHToHHbix nonoc oTpa>KeHHfl 
(n - 1) cyjn4>Haa amma ot CTeneHH reKcaioHanbHOCTH a 

1—3 — 3KcnepHMeHxajibHbie tomkh (/ — H3 [189), 2 — H3 [188], 3 — H3 [244]); npHMbie 
jikhhh A h B cooxBeTCTByioT CMemcHHio nonoc A h B 3kchtohob 6^cHcnopoaHoro ZnS 


h B-nonochi kmciot nonyuiHpHHy 1,0—1,2 hm, b to BpeMH KaK MaKCHManb- 
noe paccTOHHHe MOKAy hhmh npw a = 10% b npeflnoiio jkchhh jihhchhoh 3aBH- 
chmocth BejiHMMHbi pacmenneHHH ot a cocTaBJiaeT Bcero 0,25 hm. 

M3 pHc. 2.8, a cjiejxyei, mto 3KcnepHMeHTajibHbie tohkm, hc nonan,aiomHe 
Ha npHMyio, o6Hapy>KHBaK)T npHMepno napajuiejibHbm ew xon 3aBHCHMOCTH. 
IIpw 3tom KopoTKOBOjiHOBoe cMemeHHe 3KcHTOHHbix nonoc, oOycjioBjieHHoe 
VBejiHHeHHeM npoueHTa reKcaroHajibHocTH, HaOjnoflaeTCH h npH cpaBHHTeJib- 
ho Majibix KOHueHTpauHHX accJjcktob ynaKOBKH (1—3%). 3KCTpanonnuHH 
3TOH 3aBHCHMOCTH K O” 0 JjaeT nOJIO>KeHHe 3KCHTOHHOH ^4-nOJIOCbI 3272,5 Å, 
T.e. nojioca cABHHyra b jntnHHHOBOJiHOByio CTopony Ha 6 Å no cpaBHCHHio c 
oecKHCJiopoOTbiM C(J>anepHTOM (cm. tbOji, 2.3). TaicoH atihhhobojihobmh 
cabht cootb eTCTByeT BnoJiHe peanbHbiM KOHueKTparøHM pacTBopeHHoro khc- 
nopoAa b pacnnaBHbLX cc|)ajiepHTax noprøKa (H2) -10 19 cm" 3 [176]. 

Ha pHc. 2.8, 6 HaHeceHbi 3KcnepHMeHTajibHbie nonoxceHHH 3kchtohhmx no- 
jioc b 3HBHCHMOCTH ot a no peaynbTaTaM tbOji. 23 h pa6oT [188, 189]. 3Ha- 
hchhh zijihh bojih, H3MepCHHbie np« 4 K [188, 189], nepecwraHhi Ha 77 K. 
IIojioxceHHe C-3KCHTOHa no JiHTepaTypHbiM aarnibiM Mbi ne npHBOflHM H3-3a 
cymecTBeHHoro pa36poca 3KcnepHMeHTajibHbix tohck. KaK bhaho H3 pHcyH- 
Ka, nojiyMeHHbie aBTopaMH [188, 189] 3KCHTOHHbie nonocbi TaK>xe 

CMemeHbi npHMepHo Ha 5-9 A b xyiHHHOBOjiHOByio cTopoHy ot jihhchhoh 
3aBHCHM0CTH A 3iCC - /(a) SecKHcnopoAHoro ZnS. Pa36poc 3KcnepHMCHTajib- 
HblX AaHHblX H OTKJIOHeHHC pC3yJIbTaTOB H3MepCHKH Ha OTACJIbHblX o6pa3uax 
h b 3tom cnyMae, mohcho nojiaraTb, o6bHCH«eTCH paanHHHbiM coAepacarøieM 
b o6pa3uax KHcnopoAa. 

Æ/ih npoBepKH 3Toro npejmojioxceHHH h yTOHHCHHH xapaKTepa 3aBHCHMOc- 
™ A 3KC = f (ot) b KpHCTajinax c<})ajiepHTa c AecjjeKTaMH ynaKOBKH mbi npea- 
npKHJuiH HccneAOBaHHe nnacranecKH Ae(J>opMHpoBaHHbix o6pa3uoB. fle^jop- 
MauHH npoBOAHJiacb no mctoahkc [249, 250]. fletJxjpMHpyeMbie mohokphc- 
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Tamibi Bbipe3ajiHCb b Bune npnMoy ro ji bHoro napajuienenmiena 2X2X4 mm h 
nonBeprajmcb onHoocHOMy okethio BnoJib och [001], B pe3yjibTaie b ruioc- 

KOCTHX [111] B03HHK3JIH MaKCHMaJlbHbie CABHTOBbie KanpHXCCHHH, KOTOpblC 
cnocoOcTBOBanH reKepaiom h othjkchhk) AHcnoicauHH. nocnenoBaTejibHbm 
crøHr cjioeB b nnocKocTHX ruiOTHeHiueft ynaKOBKH [111] ocymecTBjiancH 
npw HanpH5KeHHHX, noCTaTOHHbix nnn JiHKBHAauHH Bcex Æe(j)eKTHo ynaKOBaH- 
Hbix cnoeB c o6pa30BaHHeM HneajibHOH TpexcjioiiHOH ynaKOBKH c<})ajiepHTa. 
TaKOH nepecipoHKe nonBep>KeHbi ne tojibko KpHCTajuibi mhkpoabohhhko- 
Boro c(J)anepHTa, ho h Bce reKcaroHajibHbie MonH^HKauHH ZnS. B cbh3h c 3tmm 
6 buiH HccjieaoBaHbi HenerapoBaHHbie MOKOKpHCTajuibi 3CZnS, BbipameHHbie 
K3 paciuiaBa, o6pa3m>i 4//ZnS, a TaioKe jrerHpoBaHHbie amoMHHHeM (10” 4 %) 
h cepeOpoM (10 _i %) oopa 3 Ubi 6//ZnS. Jljin BbincHeHHH pojrø imacTHqecKOH 
AecJxjpMauHH cpasHHBajmcb cneKTpbi Hene4)opMHpoBaHHbix KpucTannoB h 
o6pa3UOB, noziBeprHyTbix cxcaTHio Ha 10 h 20%. 

ripoTeKarøie <J)a30Boro nepexona h onpenejiemie BejiwqHHbi a KOHTpojiHpoBa- 
nocb no peHTreHorpaMMaM KaqaHHH k H3MepeHHHM ABynyHenpejiOMjreHHH c 
Hcnonb30BamieM KOMneHcaiopa Eepeica. CneKTpbi HccjienoBajiHCb Ha CKOJiax 
MOHOKpHciajuiOB. Pe3ynbTaTbi 3 thx HCCJieAOBaHHH npHBeneHbi Ha pnc. 2,8, e. 
KaK bhaho H3 pHcyHKa, npH H3MeHeHMH a ot 33,3% no 10 h 0% HMeei Medo 
jTHHewHoe cMemeHHe nojiocbi OTpaxceHHH A -3KCHTOHa, npw^eM cabht Ha6jno- 
naeTCH h npw Majibix KOHneHTpaimHx ne^eKTOB ynaKOBKH, JX>in Bcex KpHcraji- 
JIOB C K3MCHeHHeM <2 IUiaCTHHeCKOH Ae^OpMaUHeH JKCHTOHHbie nOJIOCbl OKaabl- 
BaioTCH CMemeHHbiMH b njiHHHOBOJiHOByio cTopoHy ot ”6 ecKHc:iopoAHoro” 
ZnS Ha nocTOHHHyro BeJiHMMHy, a conepxcaHHe pacTBopeHHOro KHCJiopona, 
onpeneneHHoe no 3 to My cnBHry, cooTBexcTByeT pe3ynbTaTaM aKTHBaunoH- 
Horo aHajiH3a. 

n P H BHeceHHH nonpaBKK, yMHT broaiomeK BJiHHHHe pacTBopeHHO ro khcjio- 
pona na nono>KeHHe nonocbi ^4-3KCHTOHa, Bce tohkh coBnanaioT c jikhcmhoh 
3aBHCHMOCTbio^4 3KC = f (ot) ”6ecKHCJioponHoro” ZnS. TaKHM o6pa3CM, pe3yjib- 
raTbi ajth o6pa3uOB C(J>ajiepHTa c nec})eKTaMH ynaKOBKH xoporno comacyioTCH 
c 3KcnepHMeHTajibHbiMH naHHbiMH, nonyneHHbiMH Ha nojiHTHnax ZnS (cm. 
pHc , 2.8, 6 ), h nonojiHHioT 3Ty KapxMHy b o6;iacTH Majibix SHaqeHHH ot. 

2.5. KPAft COBCTBEHHOrO norJlOIUEHHfl 

H Ero TEMnEPATyPHAH 3 ABHCHMOCTb 

Xtnn cyxib^Hna nu hk a no HacTonmero b pe mc hh orcyTCTBy iot BOcnpoH3BOAH- 
Mbie 3KcriepHMe ht anb h bie naHHbie min nojiocbi codcTBeHHoro norJiomeHHH [1]. 
Ha pa3Hbix cranHHx HccnenoBaHKH 3Toro coeAHHCHHH Hannene cHjibHoro norrøn - 
HHiejibHoro norJiomeHHH b6jih3k Kpan coocTBeHHoro norJiomeHHH ZnS npn- 
Beno nepBOHanajibHo k HeonHosHaHHocTH b onpenenerøiH innpHHbi aanpemeH- 
KOH 30HbI, 3aTeM C pa3BHTHeM TeOpHH CBOGOAHblX 3KCHTOHOB H paCIHH(J)pOB- 
Koii cTpyKTypbi aKCHTOHHoro cneKTpa ZnS — k OTcyTciBHio noHHMaHHH npH- 
ponbi norJiomeHHH b oSnacTH 300—340 hm, OTBeTCTBeHHoro 3a 3KcnoHeHimajifc- 
HbiH ”xboct” cneKTpa; HaKOHen, HMeeTca cymecTBeHHbm pa36poc 3KcnepH- 
MeHiajibHbix naHHbix, xapaKTepHay kjiahx (JjopMy nojiocbi cJjyHnaMeHTaJibHoro 
norJiomeHHH. HeT booipoh3boahmocth 3KcnepHMeHTajibHbix pe3yjibTaTOB h 
AJ iH K03(j)(])HUHeHTOB TeMnepaiypHoro cMeine hhh 3KCHTOHHbix cneKTpoa (hjth 
mHpHHbi 3anpemeHHOH 3 ohli) ZnS. 
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Phc. 2.9. CneKTpajiLHoe pacnpefleJieHHe nornomeHua cvnt(j)Kfla uwHKa KyOHMecKOft mojih- 
(J)HKauKH b6uh3h Kpan (jayimaMeHTajibHoft a6cop6uHH npH 300 K no naHHbiM [130] (fl), 
[255] ( 6 ) h[ 256] (e) 

Ha pHC. 2.9, a (cm. Taioice aanee pwc. 3.4, KpHBan 6) npHBeaeHO cneKTpaub- 
Hoe pacnpenenerøie nonioineHHH ZnS npn 300 K. HccJienoaaHHe (JjopMbi Kpan 
npOBe^eHO Ha tohkhx cjiohx ZnS Ky6nqecKOH MOftHtJjHKauHH [130], IlpeA- 
CTaBJieHHbie AaHHbie nojiyneHbi na cneKTpo(})OTOMeTpe (JmpMbi "Hitachi” no 
nponycKamtio cjiocb 6e3 yqeia oipaxceHHH, nocKOJtbKy b oSnacTH cnjibHoro 
nomoineHHH (10 4 cm" 1 ) oumOKa 3a c^ieT OTpa>KeHHH He npeBbiuiaei 5—10%. 
KpHBan pa3*6HBaeicH Ha flBa 3KcnoHeHimaJibHbix ynaciKa, B npejmonoxceHHH 
3KcnoHeHUHajibHOH saBHCHMOciH K = f(hv) Kpm nornomeHHH Ha KopoTKo- 
bojihobom ynacTKe onpeaejiHeTCH ikchtohhmm nomoineHHeM c ynacTHeM 
(pOHOHOB [181, 251—254] . CneKTp nomomeHHH Ha æjihhhobojihobom ynacTKe 
CJioxcHee h 33biicht KaK ot coctohhhh noBepxHoern cjioh, onpeaeJiHiomero 
BenHMHHy oipaxcemiH Æ(\), tbk h ot TexHonorHH nonyneHHH o6pa3UOB. ilnn 
3TOH oSnacTH npoMepneicfl 3KBH£mcfaHTHaH TOHKan cTpyKTypa c paccTOHHHeM 
Mexc^y nojiocaMH, Ojihskmm k aneprnn ZO-(t)OHOHa b ZnS. CneKTpajibHoe 
nojioxceHHe 3KBKOTciaHTHOH cepHH nojioc no3Bo;iHex npHnHcaTb ee (})OHOHHbiM 
nOBTOpaM 3 KCHTOHHOH >l-nOJIOCbI. Ha HeKOTOpblX CJIOHX (~1 MKM TOJimHHOH) 
B 3TOH oOjraCTH npOMepHCTCH MaKCHMyM (CM. pHC. 2.9, fl), KOTOpblH HaOjTIO- 
flaeicH h npH a30THOH, h npw KOMHaTHoii TeMnepaTypax. Oh HaOjiroaaeTCH bo 
Bcex HccneflyeMbix o6pa3uax, oco6eHHO TepMOo6pa6oraHHbix b napax uHHKa, 
h npHiiHCbiBaeTCH b paOoTe [130] npHcy tctbhk> b MaiepHane npHMecH c my6H- 
hoh ypOBHH ~0,1 3B. B stoh cOnacTH cneKTpa OTMenajrocb h b npyrwx pa6o- 
Tax flononHHTenbHoe nornomeHHe, b uactHOCTM b [255] ; cxeMa cneKTpa no mo - 
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Phc. 2.10. TeMnepaTypHbie 3aB hchmocth nonoHærnrø 3 kchtohhi>ix ,4-nojioc b cneKTpax 
oTpa>KeHHH ^otp coBepuieHHwx MOHOKpHCTanjTOB 3 C, 8//, 6 H, 4H, 2 H ZnS h b cneKTpax 
KaTOflOjnOMHHeCUeHUHH ^KJI MOHOKpHCTajiJiOB pacnnaBHoro ctJjauepHTa, xepMOo6pa6o- 
TaHHoro b napax UHHKa (7), cepbi (2) a BbipameHHoro MeTonjOM womiflHoro (900°C) 
ra30Boro TpaHcnopTa (3) 

KpHBbie 1,2,3 ~ pacweTj / 2', 3 ' — 3KcnepnMeKT 

meHHH no 3THM AaHHbiM npHBeneHa Ha pHC, 2.9, 6 , rio3OTee 6 mjio noKa3aHO 
[256], mo AJiH «mcTbix MOHOKpHCTajiJiOB ZnS aonojiHHTenbHoe nornoinerøie 
He xapaKTepHo, h Kpaii kx nomoineHHfl 3aHHMaex 6onee KopoTKOBonHOBoe 
nojioxceroie (pnc. 2.9, tf). nocKOJibicy, cornacHO [257], H303JieKTpoHHbie np«- 
MecK naioT 3KcnoKeHUHajibHbiH xboct Ha Kpaio norjioweHHH, to He hckjiio- 
qeHo, qio nonojiHHTenbHoe norJiomeHHe MO>xeT GbiTb o6n3aHo HCKOHTpojiHpye- 
MOMy 3arpH3HeHHK) ZnS KHCJIOpOflOM. 

BjiHHHHe KHCJiopofla Mo>KeT npoHBJiHibCH h npH wccjienoBaHHH TeMnepaiyp- 
HOH 3BBHCHMOCTH nOITIOiljeHHH. CoiTiacHO TIpeH.CT3BJieHHHM [258—261], H3- 
MeHemre E g , h cjiejjOBaTenbHO E 3KC , c TCMnepaiypon oGH3ano KaK TepMuqeo 
KOMy paClUHpeHHK) peineTKH, TaK H 3KCHTOH'4>OHOHHOMy B3aHM0AeHCTBKK). 
PacneTbi £Uin BiopuHTa [262] h c<})ajiepHTa [7] na ocHOBaHHH H3BecTHbix naH- 
Hbix no bjihhhhk) aaBnerøm Ha Kpan nornoiueHufl, KOHCiaHT ynpyroeTH H 
TeraiOBoro paciiiHpeHHH noKa3ann, mto BKJian, TepMHqecKoro pacuiHpeHHH He 
npeBbimaeT 20 h 10% n;ifl 2 H ZnS n 3CZnS. Pa3BmaH b [258] yHwjpMUHpoBaH- 
nan TeopwH MHKponojien, re ne pn p ob a hh bix <|)OHOHaMH, no3BOJiHei onHcaib ieM* 
neparypHyio 3aBHCHMOCTb E 3KC : 

f KC = ^ 3KC (^1 )-E 3KC (T 2 ) = 5 [th(Au>/2*7\) -th(Aw/2A:7’ a )l, (2.7) 
S = ole 1 h <7* (e 0 - )/18 j uoe 0 e m ii, (2,8) 
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th {Tiu) LA /2kT) th (hu) l0 /2hJ) 


Fmc. 2.1 L TeMiicpaTypHaH 3aBHCHMocTb nonæKeHHM 3KCH'JOHHbix 4-nojioe orpa>KeimH co- 
BepaieHHbix MonoKpHCTajuioB 3 C h 2//cyjibtJiHaa ukhk.i 

rae hco — 3HeprHfl <})okghob, yqacTByioiiiHX b 4>opMHpoBaHHH Kpan ripw xeivi- 
nepaxypHOM cuBure E 3 Kc b HHxepBane T 2 - 7\; e , h 9 k, T — oømerrpMHHTbie 
BeJiMMHHbi; ii - iipKBeaeHHaj? Macca 3 kchtoh3; e 0 h - CTaiHMecKaH h 
onTHMecKaH xrøjieKxpimecKHe noCTOHHHbie; q c - bojihoboh eeKxop nojiHpona; 
O 0 — napaMCTp HaKJIOHa, 3aBHCHlUHH OT BeJIKHMHbl 3KCHTOHHOHHOrO B3a*fMO- 

xteHCTBMH [252,253]. 

HcXOAH H3 3aBHCHMOCTM (2.7) CJTO^KKyiO (JjOpMV KpHBOH t\ KC = f (T ) MO>K- 

Ai 




Ta&nuiia 2.5. CneKrpaibHoe noiOJKeHHe E 3KC nonocbi oipa>KeHMH 9kchtohh A (n = 1) 
h iiiHpUHa 3anpemeHHoii 3qhw E g cyjibt}jiiaa uhhkh b HHtepBajie TeMnepaTyp 4 -300 K 


^3KC^) ^ JIH P ajJ1H ' 1HbIX CTpyKTyp, 3B 
feMnepaTypa,------- 



3 C 

8 // 

b/f 

4 H 

2 H 

4 

3,804 

(3,833) 

(3,852) 

(3,858) 

(3,871) 

3,874 

(3,909) 

77 

3,795 

(3,824) 

3,813 

(3,843) 

3,819 

(3,850) 

3,831 

(3,863) 

3,866 

(3,901) 

300 

3,680 

(3,709) 

3,698 

(3,728) 

3,703 

(3,734) 

3,715 

(3,747) 

3,750 

(3,785) 


3,698* 

3,718 

3,725 

3,739 

3,780* 


n p h m e h a h h e. E g = E 3KC +- G t r«e G b 3 bto paBHbiM 29 (3C) , 30 ( 8 H) , 31 ( 6 H) , 
32 (4 H), 35 MaB (2//); F , 35 K cooTBCTCTByer 3,806 (3C) ; 3,822 ( 8 H) , 3,831 (6/7) , 
3,844 (4//); 3,882 aB {2 H) ; 0 npHHHTO paBHbiM 0,346 (3C) ; 0,352 (2//); 7 cooTeeT- 


liO pa3JIO>KHTb Ha OT^ej/bFSie JlHHGHHblG y^aCTKM, <lTO n03BOJIHCT ROJfy^HTb 
JO.OnOJlHHTejIbHbie CBCAeHHH 0 MCXaHH3Me 3KCHTOH~(J)OHOHHOrO B3aHMOAeHCTBHH 
c LA- hjih Z(7-(})OHOHaMH pemeTKH. 

Ha pHc, 2.10 npHseAeHbi Hamn 3 KenepHMe ht ajib h bie 3 aBncHMOciH TeMnepa- 
TypHoro c^iBKra 3kchtohhoh /4-nojiocbi. 3th Aamibie nojiyneHbi H3 cneKTpoB 
OTpaxceHHH xuiH HanOonee xncTbix no KHcnopoAy h coBepmeHHhix MOHOKpnc- 
xajuioB, ,Ujih KvonnecKOK h reKcaroHajibHOH MOAH<})HKauHH cneKTpbi cnaibi 
b HHiepBajie xeMnepaiyp 4- 400 K, noJiHTunoB - 77—400 K, KaK bha- 
ho H3 pncyHKOB, xori TeMnepaiypnon aaBHCHMOCTH noBTopHeicR ahh Beex 
wccneAOBaHHbix CTpyKTyp, MccnenoBarote nopouiKOB 2//ZnS, TepMooOpa- 
OoiaHHbix b napax cepjbi, n MOHOKpHciajiJiOB Brøpinrra, BbipameiiHbix b H 2 S, 
AaøT BocnpoH 3 Bo;iAMbie peayjibiaTbi, Xopouiyio BOcnponxBOAHMOCTb xoAa 
KpHBbix Mbi nojiyqajiu h abh paajiHHHbix Hanoonee qncTMx oGpaanoB c(J)ane- 
pHia, BbipameHHbix b rMAporepMaJibHbix khcjimx cpejiax n;r h b arMOC(})epe 
H 2 S. Ho CpaBHeHHK) C HMeiOIUHMHCH JIHTepaTV pHbJMIi AUHIlblMH, B MaCIHOCTK 
[7] ahh 3C 2 H, 4H, Kce KpHBbie pnc. 2.10 cabmhvtm b ciopoHy BbicoKHx 
jHepmH. 

OHeprHH, xapaKiepHayiomHe nono>KeHiie A ikcutohhoio MaKcHMyMa 2s 3KC 
(n = 1), h niHpnHa 3anpemeHHon 30 HW ZnS npHBeAOHbi b Tafxn. 2.5. CMemcHne 
3 kchtohhoh nonocbi e AHarrasone TeMneparyp 4-170 K HennHeiiHo, h tojibko 
ujih oonee bwcokhx icMnepaiyp (170-400 K) HaGjirøAaeTca jiHHeHHan 3 Hbhch- 
MOCTb c K034)4>HuaeHTOM K = 5,4 • 10" 4 dB • K“*. Hah AnanaaoHa TCMnepaiyp 
300-400 K b ejiyqae coBepmeHHbix o6pa3ixoB KoacJx^HuneHTbi CMememiH 
cocTaeriHioT (5—6) • IQ' 4 aB • K _1 , JJjin Ae^eKiHbix o6pa3UOB, b Koxopbix mo>k- 
ho npeAnonaraib, b nacTHOcra, HajiHqne pacTBopeHHoro KncjiopoAa, 3 Tot ko 3«})- 
(JiHimeHi yBennqHBaeTca ao (5,5—7,2) * 1Q~ 4 aB ' K" 1 . JlHTepaiypHbie AanHbie 
Ann TeMneparypKbix Koa^^MuneHTOB cMeiAeHHH E g b otoh 06 /iacTH TaKxce 
HeoAH03HaMHbi: 7* 10 “ 4 [260], 8,5 * 1 Q “ 4 [263] n 6 * 10 ” 4 aB - K -1 [231], 
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K03(J)(J)HUHeHT CMeiyeHH« 

AnaJiHTHHecKaH 3 ebh cm mo ct b E(T) 

MHiepBaji TeMnepa- 
rvp, K 

K- i o -4 f 3B * K*" 1 

4-125 

2,2—2,4 

E - E 4 k - 7[1 ilkT) I 

125-300 

5,4-5,5 

E = E 1 25 K ~£[1 - ih(froj L Q/2kT) ] 

300-800 

6,0 

E 30qK ~ KaT 

0- 300 


E * = E 0 K - oT 1 f (T + a) 


CTByeT 0,128 (3C) ; 0,117 (2 H) ; iBC3jaoMiKa o6o3Ha»iaeT n.aKMbie «3 pa6oTW [268 j: £’ 0 - 
3,811 (30 h 3,880 (2 H) \ 8 - 1,7 • 10" 3 (3 C) h <0' 3 (2//); a - 1050 (30 h bOO 

i2H). 


> 

Ha pMC . 2,1 i ajth c^ajiepnra k Biopunia ie Miiepaiy pnan 3a r h chmoct b nø jiq - 
>KeHMH 3KCMTOHHMX no/ioc npencraBJieHa b KoopuHHarax E 3Kii ih(Æt o/2kT). 
Hjih nocrpoenHH ncuojiKJOBaHM 3Hepi hh <})oik>h<>b Æcj/ 4% paBHbie 23 u 22 m3H } 
m %<^LO' PaBHbie 43 h 44 MaB, min 3C ZnS u 2/7 ZnS cooTBercTBeHHO [181, 
264—266]. n P H JTOM iXJlH ITOJIHTHriOB HCno;!b30BaHhI re >Ke 3H3mo M 
xyiH BiopuHTa (cm, ts6ji, 2.5). nocKonbKy hmc fonmtic h paaopoe JiMTepaiypHbix 
aaHHtix 6onbme, o6ycaoB.icHnaB paanuMHCM eipyKiyp 3HepreTHMecKan 
pa3HHUa 3THX B6JIHHHH. KQK BH.TIHO H3 pHC. 2-11 JHWeHHaH aaBHCHMOCTb, OUpe- 
aeaBiouiaH BsaHMOiienciJ-me jkchtohob c £yi-(|)OHo;;aMH, xapaKTepna b ochob- 
itomujih UM3KHX reMneparyp »io T < 125 K. To t !kk jroro ;inan;noHa Bbina^aK)T 
M3 JiHKOHHoro yqacnca 3aB n cm mo c to E 3KC ~ f [th. {hoj LO i ski') ], Kor^a H3- 
MeHerøe E - f(T) oOnsaHO b ochobhom ZØ-^GHOHaM. UnanaioH ^cpejmHx” 
TøMneparyp, Korn,a cnpaBe#iHBO eme npuGriHyKeroie cjiaobix nonen, HMeex no 
3THM ^aHHbiM ann cOBepmenHbix KpHCTajinoB BepxHKJio rparømy ~-350 K. 

TeopeiKHecKan 3aBMCKMOCTfc E = /(7 ) jsjih ^BbicoKOTeMnepaTypHOH” 06- 
jiacTH (7> 300-^350 K) nonyHena b paoorax [258. 261] ; Bbixoa na aior 
y^acTOK onpeaenneTCfl nepexoaoM b oonacTb renepKpyeMbix LØ-tjxmcHaMH 
CHjibHbix nojien (~4' IQ* B/cm), 3xa 3aBKCH mol i l jniHeHHa, ho xapaKiepn* 
ayeics cyoieeiBe hhg GojibiuHM naKiioHOM. AHajiHnmecKMe Bbipa>KeHHK s uiui’ 
cbmaiomMe sce tom TeMiiepayypHbix awanasoKa Hanoonee HHCTbix o5pa3- 
iiob , npHBeaeHbi b TaSn. 2.5. PesyjibiaTbi h ccji c aoB a hu h ae^eKTHbix oopa3- 
liob Z11S, nony^eHHbix H 3 pacnaaBa rHapoTepMajibHbiM chhtobom b menoM- 
Hbix cpenax, ra30BbiM TpancnopTOM, a yaioxe TepMOo6pa6oiKOH b napax 
komiiohchtob, npeaciaBjieHbi na pnc. 2,10, JEnn TaKHx KpHCTajuioB c pa3JiHH» 
hoh npeabicTopneii Mbi naGniona™ pna ocoOeHHocxeH kphboh E 3KC =f(T) no 
cpaBHCKHK) c coBepmeHHbiMH KpHciajuiaMH. IlpexcAe Bcero KpHBbie E 3KC = 
~f(T) hmojih cymecTBeHHbie cnBHTH h pa36poc no uiKane 3Hepnm. 

HpoBen.eHHbie naMH nccJie,aoBaHHH onTHMecKiix cbohctb MOHOKpnciajuioB 
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Phc. 2.12. MHKpotfroTorpaMMbi cneKTpoB norjiomeHKfl (J-J) h orpaæeHuH (4) moho- 
Kp HCTajiiioB BiopuMTa (fl) h c<j)&nepHTa ( 6 ) npn 77 K 


ZnS, BbipameHHbix pa3HbiMH Mexo^aMH [183. 200—207, 242, 269-271], 
noKa3ajiu, mo ajihhhobojihob bie cabhfh 3Kchtohhoio eneKipa ZnS o6«3a- 

Hbl B OCHOBHOM paiJlMHHOMy COH,ep>KaHMIO B HHX p2CTBO|>e HHOTO KHCJIOpOAa, B 
to BpeMfl KaK KOpOTKOBO/iHOBoe CMemeHHe M(»KeT onpeae^HTbCH netfjeKTaMH 
ynaKOBKH (cm. pa3n, 2,4). KpoMe Toro, b oS/ncw reMnepaiyp 170-400 K 
o6Hapy>KHBajiacb b pafle cnyMaeB ne jim hc \\ ho cn> w yBejiHMeHHe TCMJiepaTyp- 
Horo K034>4>Hmiem:a cMeine hhh ot 5,4 no (6 tvMiO" 4 :*B • K“*. JlHHeHHan 
3aBMcnMOcrb E iKc ~ f [\h(flu) L q/ 2kT ) ] BbiHanaei rpaiiHiiy oOjiacieM cpen- 
hhx h BbicoKHX TCMnepaiyp, KaK OKa3a;iocb, 3Ta rpaHHua b npncyTciBUH 
KMCJiopona hjih, xoqHee, c yBejiHMeHHeM ero kohucH ipauHH cMemaeTcn b CTopo- 
Hy hh3khx reMnepaTyp (ot 350 no 275-300 K). IlocKOJTbKy rpaHHHHan tcm- 
nepaTypa xapaKiepH3yex nepexon ot oOjiacra cnaOwx nonefi (ao 10 4 —10 5 B/cm) 
k oGnacTH cHJibHbix noneH, o6«3aHHbix, no naHHbiM [258, 260], ZO-c£>ohoh- 
HblM KOJieOaHHHM peuieTKK, TO MOMCHO 3aKJIK)TOTb, HTO B TTpHCyTCTBHH KHCJIO* 
poAa rpaHHMHan b enn to Ha rojih mo>kct 6biTb AocinrnyTa npH Memimx tcm- 
nepaTypax, mo o6t>hchh6tch ycHJierøieM 3KcHTCH-<}K>HOHHoro BaaHMoneHCTBHH 
b npHcyTCTBHH H303JieKTp0HH0H npHMecH [257]. B TaKOM anyvae yBeriHue- 


64 


HHe HaKjiOHa KpHBOH E 3KC - f[th(p<x)f Q/2kT)], movkct 6biTb o6fl3aHo yBenn- 
qeHHio a 0 b coothouichhm (2,8). EciecTBeHHo, mto Bbixo jx Ha yqacTOK c 6onb- 
ujhm KaKJioHOM npn T < 300 K naeT HeKOTOpoe yBenHqeHHe TeMnepaiypHoro 
K03(J)4)HUHeHTa CMemeHHH nonoc b AHana30He 170—300 K, o6i»hchhh t3khm 
o6pa3QM HMeiomHecH b nmepaiype pacxoxcneHHH aiccnepHMeHTanbHbix naHHbix. 

He HCKJlloqeHO TaiOKe, HTO npHqHHOH HX HBJIHeTCH B03HHKHOBeHHe CBH3aH- 
Hbix Ha KHCJTOpOfle 3 KCHTOHOB. AHEJ1H3 3aBHCHMOCTH E 3kc “ f(T) npH HH3- 
khx TeMnepaTypax (cm. pwc. 2,10) noKa3biBaeT, hto ajih ZnS c OojibixiOM koh- 
ueurpauHeH ne^eidOB b cneKTpax køtoaoh wmh Hecue huhh npeoOnaflaeT nanyqe- 

roie CBH3aHHblX aKCHTOHOB. CBH3aHHbie BQ36yXCfleHHH B bIHBJI HIOTCfl H npH 

HCcnenoBaHHH nornomeKHH h oipaxcemia tohkhx h coBepmeHHbix mohokphc- 
raJiJTOB, BbipameHHbrx H3 ra30BOH 4>a3bi (pHc. 2.12). Ka k bhaho h 3 pnc. 2.12, 
npH ycmieHHK 3 thx nonoc nonoca cBoåonHoro yl-3KCHTOHa OTcyicTByeT. He 
HCKJiioqeHo, qio npH chhtmh TeMnepaiypHOH 3aBHCHMocTH E 3 KC Ha Kpncran- 
nax ZnS, conepacainHx KHcnopon, npoMepaeica He A -nonoca CBo6onHoro 
jKCHTOHa, a rpynna nepeKpbroaioLHHXCH nonoc A Hp , npnpona 3Thx iiojioc 
i-ocyrøaeTCH b pa3,a. 3,9. Ilpn TeMnepaTypax Bbirne 120—125 K bo3Mo>kho 
ocJiaOjieHHe KopoTKOBonHOBbtx nonoc, cooTBeTCTByioinHx ueHipaM c Manoii 
•Hepi^eH CBH3H; npH 3TOM OynyT BbmeJIHTbCH flJIHHHOBOHHOBbie nOJIOCbl, 
i!f>H3aHHbie uernpaM c SonbuieH jHepnieH CBH3H (20 -40 MqP). Bo3HHKHOBe- 
jiue cbH iaHHbix B036y>KatHHM b 6onbmen cTeneHH 6ynei wcKa>KHTb npencraB- 
•chhc o nojio>KeHHH nonocbi y4-3KCHTOHa npH BbicoKHx TeMiiepaiypax, Aho- 
MiuibHoe H3MCHeHHe K03(})4)HUHeHTa TeMnepaiypHoro CMemeHHH E 3 KC h pa3- 
Opoc naHHbix 6yuyT onpenenHibcn ieM, fcaKan H3 nonoc npeo6nanaex b 
CMOKTpe. 

B CBH3H C B03MO>KHOCTbK) B03HHKHOBCHHH CBH3aHHbIX 3KCHTOHOB B Ta6n. 2.5 

;i.iH 300 K (noMHMO naHHbix, nonyqeHHbix npn H3yqeHHH 6onbiuoro qncna 
pearibHbix KpnciannoB ZnS) npHBeneHbi cBeneHHH, cooTBeTCTBylomne, no 
H iiiiHM npenciaBneHHHM. ”6ecKHcnopoAHOMy” cynbcimny unraca h comacyro- 
imhcch c nocnenHHMH paSoraMH [267, 268]. 


Tjiaea 3 

JIIOMHHECUEHUHH, OEyCJTIOBJIEHHAfl 

KMCJlOPOflHbIMM JIOBYIlIKAMH B03Ey>KÆEHHft 

3.1. COCTOHHHE nPOBJTEMbl 

OcnoBbiBancb Ha npennonoKeHnn o npncyTCT bhh KHcnopozia b cynb^Hae 
UHHKa, mo>kho, KaK 6 bino noKa 3 aHo Bbirne, naTb oObHcneHHe npoTHBopeqHBbix 
pejyjibTaTOB no nonoxceHHio nonoc aKCHTOHHbix cnøKTpoB pa 3 nnqHbix Kpnciaji- 
;iob, OflHaKO b nmepaiype 3tot Bonpoc ne oøcyxcnaeicH. IIpncyTCTBHe khc- 
iopoaa b cynb<})Hfle UHHKa no nmepaiypHbiM naHHbiM CBn 3 biBanocb b ochob- 
itoM c BHflHMon oOjiacTbK) cneKTpa H 3 nyqeHHH: (JwoneTOBon [210—213], cHHe- 
lonyfrm [80, 114-116, 178, 209-212, 270, 272-283], aenenon [155, 174, 
180, 209, 210, 270, 283- 285] h Kpacnon [210, 286, 287]. 

Hanoojiee AeianbHo nayqeHo aeneHoe cBeqeHne npH KomponnpyeMOM BEene- 
mhh KHcnopona b ZnS. B paOoiax [283, 284] noKa3ano, mo oho B03HHKaer 
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npw MejineHHOH KHcnopoAHon bkthbeixhh cyjib^mxa UHHKa, npeABapHTenbHo 
Ae30KCHflHpoBaHHoro b napax cepw. Bo3HMKHoBeHHe 3e;ieHoro cBeneHHH b 
ZnS o6bacH«eTCH [80] HananbHOH CTauneH OKHcneHHH cynb<j)HAa uHHKa, na 

KOTOpOH B03M05KH0 06pa30BaHMe aCCOUHaTOB O- Vz n . BoJIbLLIHHCTBO aBTOpOB, 

HccJieAOBaBiiiHx caMoaKTHBaiopHoe cBenenHe ZnS [212, 114—116, 272—283], 
ne HCKJiioqaJiH ynacTHe KHcnopoua b oGpaaoBaHHH ueHTpoB ronyGoro CBene- 
hhh. B qacTHOcTtf, b [277—279] noKa3aHO, mo npw oxcyTCTBHH upyrux aKTHBa- 
xopoB ronyGan nwMHHecueHUHH B03HHKaeT b cynb<})HAe uHHKa TOJibKO c BBeue* 
HMeM KHCJlopO£a. 

B pa6oTax [210—212] Gbino H3y*ieHO noBe^eHHe ronyGbix nonoc b 3aBH~ 
chmocth ot npenapaTHBHbix ycJioBHH nojiyqeHHH moMHHO<j)opOB, npeflonpe- 
AeuHiomHX pa3jiHHHoe coflepacaHHe KHcnopoua b ZnS. llpn 3Tom nonocy 427 hm 
(2,91 3B) aBTOpbl CBH3bIBaiOT CO CKOrmeHHHMH KHCJIOpOfla, HCpaBHOMepHO 
pacnpeAeneHHoro b pemeTKe ZnS, b to BpeMH KaK cBeneHHe 496 hm (2,5 aB) 
o6H3aHO TBepAOMy pacTBopy KHcnopoAa, paBHOMepHo pacnpeAeneHHoro b 
cynb(])HAe UHHKa. npwpoAa ueHTpoB rony6oro cBeneHHH ZnS He oGcyxcAaeT- 
CH. C B03M0XCHMM npHCyTCTBHeM B ZnS OKCHAHblX BblAeJieHKH aBTOpbl [210— 
212] CBH3biBaioT H3JiyMeHHe b oGnacTH 370 hm, a TaK>xe (JmoneioByio, tbk 
HaabiBaeMyio SAL-nonocy 395 hm, h n iomhh ecueHUKio b KpacHOH o6nacTH 
cneKTpa. KpacHan uioMKHecueHUHH, no AaHHbiM [210], B03HHKaeT b npena- 
paiax ZnS nocne npoKajiKH b aiMoc(})epe cepoBouopOAa. JtX nu MOHOKpncTan- 
jiob, BbipameHHbix H3 pacnnaBa, npeAnonaraercn, mto o6pa30BaHHH, oiBeTCT- 
BeHbie 3a KpacHoe CBeMeHHe, cocpeAoioMeHbj b6ah3H AHcnoKaunw h Me>Ktj)a3 
Hbix rpaHHu. npoBOAH aHanorKK) MOKny uernpaMH KpacHoro cBeneHHH h 
BbiAeneHHHMH OKCHAa b cyjib4)HAe UHHKa, aBiopbi paGoTbi [286] OTMenann, 
mo ueHTpbi KpacHoro cBeneHHH He MoryT 6 hm> TpHBHanbHo conociaBJieHbi 
co cneKipOM ZnO. 

(DnojieTOBaH SAL-moMHHecueHUHH eynbcpHna umhkh npunncbiBaeTCH [210- 
214] KpaeBOMy cneKTpy OKCMAHbix o6pa30BaHHH. CornacHO paGoTe [288], 
KpaeBoe cBeneHHe ZnO Jie>KHT b Gonee ajihhhobojihobom oGnacTH, noaxoMV 
SAL-nonoca He MoaceT Gbiib KpaeBbiM cBeweHiiejvi ZnO. MccneAOBaHHe ynbTpa- 
4>HonexoBCH oGnacTH cneKTpa moMKiiecueHUHH npH KøHTponHpyeMOM BBene- 
hhh KHcnopona b ZnS Gbino npoBeACHo aBiopaMu [ 155]. B H 3 JiyMeHHH nonyneH- 
Hbix hmh npenapaxoB cynb(})HAa uhhk3, coAepacjuiHx ao 1 moji. % pacTBopeH- 
Horo ZnO, npw 83 KnpeoGnaAaJia nonoca 364 hm. BbiAeneHHH (})a3bi ZnO no 
AaHHbiM peHTreHOCTpyKTvpHoro aHannaa m cnekipaM OTpaxceHHH pjih tbkhx 
o6pa3u,OB He Ghinn oGnapy)KeHbi, h nonoca 6buia HHxepnpeTHpOBHHa KaK H3ny- 
neHue TBepAoro pacTBopa ZnS * O. 

B cneKTpax OTpaxceHHU Tex >Ke oGpaauon HaGinioAajiocb aHOManbHO Gonb- 
moe (0,16 3B) AAHHHOBonfioBoe cMemeime Kpan nornoiueHHH ZnS npH pacT- 
BopeHHH b HeM OKCHAa. PacTBopeHHe cepbi b ZnO AaBaJio cTonb >Ke cvuiecx- 
BeHHbie (nopHA^a 0,12 aB) AnHHHOBonnoBbie cabhth Kpan nornoiueHHH okch- 
Aa. IlojiyqeHHbie aKcnepHMeHTanbHbie pe3ynbTaTbi He MoryT GbiTb oGbHCHeHbi 
TpHBHanbHo, xaK KaK H3MeHeHHe umpHHbi 3anpemeHHOH 30Hbi H3-3a o6pa30- 
BaHHH TBepAbix pacTBopoB ZnS—ZnO aouxcho GbiTb cyiuecTBeiiHO MeHbme 
HaGJirøAaeMoro cMemeHHH Kpan nornoiueHHH. fljifl o6bHCHeHHH axoro Gbino 
BbicKa3aHo npeAnonoxceHHe, mo b6jih3h BaneHTHOK 30Hbi ZnS oGpa3yioTCH 
AHCKpeTHbie ypOBHH KHcnopoAa c rnyGHHOH 0,1 aB, KOTopan Gbiiia onpeue- 
neHa no cMemeHHio Kpau nornoiueHHH. B MecTax noKanHaauHH KHcnopoAa 
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3th npHMecHbie ypoBHH yqacTByioT b nomomeHHH, b to BpeMH KaK b uejiOM 
AAh KpHCTanjia uiHpHHa 3anpemcHHOH 30HbiHe MenneTcn. 

Pe3ynhTaTbi nccneflOBanKH [153, 199, 213, 269, 2701 yKa3biBajiH Ha cy- 
mecTBeHHoe bjihhhhc paciBopeHHoro KHCJiøpoAa na ynbTpa^HOHexoBbiH y3KO- 
jiHHeHMaTbiH cneKTp ZnS b KpaeBOH o&nacTH, noMHMo npOHBJieHHH ZnO • S- 
<J>a3bi b H 3 nyMeHHH 395 hm [202, 214j. Ilpn 3tom Ha6jnoaajiHCb AonojiHHTejib- 
Hbie nojiocbi nonioineHHH npH 77 K [153], b nacTHOcTH cruiouiHoe nornome- 
HHe ao 335 hm ajih c<})ajiepHTa. BH3jiyMeHHH ajih TaKHX o6pa3uoB 6bina o6na- 
pyxceHa cepHH nonoc c tojiobhoh jihhhch 335 hm [117]. 06Hapy>KeHO ycnne- 
HKe HHTeHCHBHOCTH KpaeBoro cneKTpa b oOnacTH 340—350 hm npH aKTHBa- 
HHH KHCJiopoAOM b npouecce o6n>^eHHH HewTpoHaMH [199] h HapHAy c 3 thm 
AnKHHOBOjiHOBbie CABHra Bcero cneKTpa JirøMHHecueHUHH ZnS npw bo3mo>k- 
HOM yBeAHMeHHH B KpHCTaJIJiaX KOHUeH TpaUHH paCTBOpeHHOrO KHCJIOpO- 

Aa [213]. 

3.2. H303JlEKTP0HHbIE IIPHMECH 

KAK UEHTPbl 3AXBATA B03Ey>KAEHHfi 

KHCJiopoA, 3 aMeman cepy b y3Jiax pemeTKK ZnS, HBJiaeTCH H303;ieKTp0H- 
HOH npHMeebiO. IlpeACTaBJieHHH 06 H303JieKTp0HHbIX npHMeCHX B HaCTOHmee 
BpeMH nojiyrørm pa3BHTHe b pHAe OTenecTBeHHbix pa6oi [18f?257, 289—291] 
no inenoHHO-rajuioHAHbiM KpHCTajuiaM h b paOoTax, BbinonHeHHbix ajih coeAH- 
■ leHHH A 3 B 5 [181, 292—305]. CoeAHHeHHH A 2 B 6 b 3tom iuiaHe Mano KccneAo- 

UUHbl. 

LlOHHTHe ”H303JieKTp0HHaH npHMecb” BKJIIOHaeT CXOACTBO 3JieKTpOHHOH 
cipyKTypbi ocxoBa npHMecHoro aTOMa h ero BaneHTHOM oøojiohkh c 3JieK- 
ipoHHOH CTpyKTypon 3aMemaeMoro axoMa MaTpHUbi, a tåktkq OAHHaKOBbifi 
japHA hx (n30BaJieHTHOCTb). 3 to noiFHOcTbio H303AeKTpoHHaH npHMecb. Echh 
v npHMecHoro aTOMa h 3aMemaeMoro mm aTOMa coBnanaeT 3JieKTpoHHan CTpyK- 
fypa lonbKO ocTOBa mjim TOJibKO BaneHTHOM oOojiohkk, to npHMecb KJiaccH<})H- 
AHpyioT KaK nacTHHHo M303JieKTpoHHyK). M303.neKTpoHHaH npHMecb He 3apH- 
>kch 3 no oTHomeHHio k MaTpwue, ho bhocht b peuieTKy MaTpHUbi noKaJibHyio 
AecfjopMauHio. CMJiaMH KopoTKOAeHCTByrøuiero noTeHunana crøibHO noKa- 
jIM30BaHHOH IlOTeHHHaJIbHOH HMbI OKOAO npMMeCHOTO aTOMa M303JieKTpOHHaH 
npHMecb MO>KeT 3axBaTbiBaTb cBo6oAHbie hochtcjih. 

IIonHOCTbK) M303JieKTpO HHaH npHMCCb ASCT MHHHMaJlbHbie B03MymeHMH. 
(’ yBejiHHeHHeM pa3JiiWHH b CTpoeHHM BHeuiHHX aneKTpoHHbix oOojioneK mok- 
a> npHMeebiO h 3aMemaeMbiM aTOMOM MaTpMHbi (ripn rerepoBajieHTHOM 3aMe- 
liiCHHM ) yBeJIHHMBaeTCH 3HeprMH C3H3H c UeHTpOM. B 3 TOM CJiyHae B03MO>KeH 
nepexoA k CMTyauHHM, KOTopbie npaBHJibHee paceMarpHBaTb KaK BHyxpn- 
n.cHipoBbie B036y>KAeHMH. B peanbHbix KpMCTajinax uejibiK pHA 34>4 )eKTOB 
BJinHer Ha rjiyåKHy h (JjopMy noTeHUHanbHOM hmm (BeJiHHMHa Aec}>opMauHK, 
noreHAMaji ocTOBa 3aMemaeMoro aTOMa, cnKH-op6HiaJibHoe pacmenneHHe, 
K^eKT flHa-TeJuiepa, nojiHpH3yeMOCTb, AonojiHMTejibnoe pacmenneHHe 3Hep- 
r CTMMeCKHX ypOBHeH, 3Kp3HHpOBKa HOCHTeJIHMH) . y^eCTb Bce 3TH 3(j)(])eKTbI 
ctiokho, no3TOMy cTporoft TeopHH ahh pacueTa acJxfcæKTHBHoro noieKUHajia 
M'303AeKTp0HH0M FIpHMeCH Hd. B ITOJiynpOBOAHMKaX C KOBaJieHTHOH CBH3bK) 
b KaMecrBe Mepbi cTeneHM Aec^opMauHH, onpeAenmomeH 3HeprHw CBH3M Ha 
M303JieKTp0HH0H npHMeCH, npHHHMafOT pa3HOCTb 3HeKTpOOTpHHaTeJlbHOCTeH. 
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3axBax 3KCHTOHa Ha tbkhx ueHTpax bo3MO>kgh TOJibKO b tom cnyqae, ecmi 
BHOCKMOe HMH B03MVLUeHHG npeBbimaeT HCKyiO K pHTH^eCKy 10 BCJlHMHHy. 
06pa3OBaHHe AOCTaToqHo rnyGoKOH Ae<J)opMauHOHHOH hmw, hcoOxoahmoh 
onn 3aXBaTa B036y3KA£HHH, B03M0XCH0 IIOMTH HCKJlrøqHTeJIbHO PJin H303JieK- 
TpOHHHX npHMeeeH. 3 tO o 6 TjHCHHCTCH TCM, mo TOJibKO H303JieKTpOHHaH npH- 
Mecb MOxceT yuepacaTbCB b yajie peLucTKH npH OojibinoH pa3HHue ajieKTpo- 
OTpHuaTe/ibHocieH h pa3MepoB npHMecH h 3aMemaeMoro aTOMa. Hjth Henjo- 
3JieKTpOHHbix npHMecew pa3JiHqHe b ctpochhh bhcihhhx 3JieKTpoHHbix o 6 ojio- 
neK npH 6ojibuiOH pa3HHue 3JieKipooTpKuaTeiibHocTeH w pa3MepoB npHBeueT 
K HeCOBMeCTHMOCTH TaKOH npHMCCM C MaTpHUeH, Tlo 3TGH npHqMHC HeH30- 
ajieKipoHHbie npHMecH o&rraAaioT øonhuioH noABHXCHocTbio (ecJiH pa3Mepbi 
npHMecH Majribi), HMewi oqeiib MaJiyio pacTBopuMocTb, a TBcp/ibie pacTBopbi 
c hx yqacTHeM HeycTonqHBbi. 

npw o6pa30BaHHH aaxBaqeHHoro 3KCHTOHa na H30 jneKTpoHHOH npHMecH 
npeanoJiaraeTCH cjieayrømHH MexaHH3M. Ecjih npwMecb othochtch k oahoh 
h toh xce riOArpynne Ta&THUhi MeHAeJieeea, ho hmcgt no phakobmh HOMep 
MeHbHie nopjiAKOBoro HOMepa 3aMemaeMoro aTOMa, to epOACTBO ee k djick- 
xpoHy oonbuie h M303JieKTpOHHan npHMecb laxBaibiBaeT aneKTpOH H3 pemeT- 
KH MaTpHUbl (H303JieKTpOHHbIH aKUenTOp), a 3aTCM nonyqHBIUHH 3ap«A Ae- 
(Jjetcx ripHcoeAHHHeT 3a cqeT chji KynonoBCKoro npnTH5KeiiHH Biopoft hocm- 
Tenb 3ap«Aa npoTHBononoxcHoro 3HaKa. 06pajyeTCfl CB«3aHHbiH na H303neic- 
TpOHHOH npHMeCH 3KCHTOH [294, 295] . IlpH BBeACHHH B KpHCiaJlJl HKVIJieKT- 
poHHon npHMecH c 6oJibiijHM nopHAKOBbiM HOMepoM, qeM aaMemacMhiH aroM 
(H303neKTpoHHbiH AOHopJ, nepBOHaqajibHbiM aKTGM cqHTaercH 3axear AbipKH. 
Bo3MO>KHbi k Apyrwe MexaHH3Mbi 3axBara 3 kchtoh 3 Ha ueHTpax [257], b 
qacTHOCTH penaKcauMfl cBo6oAHoro 3KCHTOHa Ha H303JieKTp0HH0H npHMecH. 

B HacTonmee BpeMff yciaHOBJieHa B03MO>KHOCTb oGpaaoBaHHH 3axBaqen- 
HblX B036y>KAeHHH B KpHCTaJlJTax KaK Ha KaTHOHHblX, TaK H Ha aHHOHHblX 
H3Q3JieKTpoHHbix npHMecBX. Mbi paccMaTpHBaeM TOJibKO cnyqaH aHHOHHoro 
3aMetueHHH b CBH 3 H c H 3yqeHHeM cwcieMbi ZnS • O. 

3KcnepKMeHTajibHbie A0Ka3arejibCTBa cymecTBOBaHHH 3axBaqeHHbix B 03 - 
6y>KAeHHM npw H30BaneHTH0M aHMonnoM 3aMemeHHH nojiyqeHhi cJieAyio- 
iuhx chctcm Ha ocHOBe A 3 B 5 : GaP ■ N [294 296], GaP • Bi [297-300] ; GaAs • 

* P [302]; GaP • Sb [303], a TaKxce Ha ochobc A 2 B 6 : ZnTe • O [294, 299, 
306]; CdS • Te [305, 307]; Z 11 S ■ Te [304, 308, 309]; CdS • Se ■ Te [162J. Cor- 

JiaCHO 3THM HCCJieAOBaHHHM, B H3/iyqeHHM H IIOrJIOlUeHHH TaKHX CHCTeM HaOJlK)- 
AaiOTCfl nonocbi, cooTBeTCTByiomHe jaxBaqeHHbiM Ha H303JieKTp0HH0H npn- 
MeCH 3KCHTOHaM. ,HJIH 06pa30BaHHfl TaKHX COCIOHHHH pa3HOCTb 3JieKTpOOTpH- 
uaieJibHOcreH napbi S Se, paBHan 0,1 jB, eme Mana, ho AOCTaioqHOH OKH3bi- 
BaeTCH BejiwqHHa 0,4 3B napbi S- Te (Ta6;i. 3.1). 3neprHH cbjoh 3KCHTOHa 
H CTeneHb Ae(}X)pMaUHH MaTpHUbl b6jTM 3H H303JieKTpOHHOH npHMecH MOryT 
6bITb pa3JTHqHbIMH. HanpKMep, 3HeprHH CBH3H JKCHTOHa Ha K30JIHpOBaHHbIX 
H3Q3JieKTpoHHbix AOHopax B GaP • Sb paBHa 0,012 aB [303], a b GaP • Bi — 
0,107 3B [297]. 3heprHH CBH3H 3KCHrOHa, CBH3aHHOrO Ha H303JieKTp0HH0M 
aKuenTOpe — a30xe b GaP, cocTaBJineT 0,021 36 [292], a 3axBaqeHHoro khcjto- 
POAOM B ZnTe - 0,4 3B [299]. 

Ecjih npeAejibHaa pacTBopHMocrb npHMecH b MaTpnue tjpaBHHTe/ibHO Mana, 
kbk, HanpHMep, njin O b ZnTe hjih Bi b GaP nopnAKa 10 1 7 cm" 3 [306], to 
cBH3biB9HHe 3KCHTOHa HaåmoAaeTCH TOAbKo Ha npeoSnaAarotUHX H30jiHp0BaH- 
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Ta6,mua 3.1. CpaBHHtejibHbie xapaKTepHCTHKH 3JieKTpoHHbL\ aHanoroB noArpyn- 


nbi VI B h coeAHHeHHH A 2 

B 6 Ha hx ocHOBe [1, 34, 310- 

313] 


3;ieMeHT, 

coeAMHeHHe 

MOHHblH pa- 

Awyc, Å 
{K = 4) 

ATOMHblH pa- 
AHyc, A 

3neKTpooTpH 

uaTejibHocTb, 

3B 

- IllHpHHa 3anpe- 

meHHOH 30HbI 

(77 K) ,3B 

BKnafl HOHHOH 
CBH3H, % 

O 

1,28 

0,66 

3,5 

— 


s 

1,78 

1,04 

2,5 

- 

- 

Se 

1,81 

1,14 

2,4 

- 

- 

Te 

1,98 

1,32 

2,1 

- 

- 

Zn 

0,78 

1,31 

1,5 

- 

- 

ZnO 

- 

- 

- 

3,4 W 

82„ 

ZnS 

- 

- 

-- 

3,82, 

40j 





3.9 W 

48 w 

ZnSe 

- 

- 

- 

2,8, 

33 s 

ZnTe 

- 

- 

- 

2,4, 

16j 


HblX H303JieKTp0HHbIX UCHTpaX. npH paCTBOpKMOCTH npHMCCH > 10' 8 CM" 3 
B03MOXCHO B3aMMOfleHCTBHe MOKAy H30 3JI CKTpO HHblMH UeHTpaMM C 06pa30Ba- 
lureM napHbix Ae^jeKTOB b npeaenax oahoh hjih AByx ancMCHTapHbix nneeK. 
I iKoe nonoaæHKe HMeeT Mecio b cHcreMe GaP • N c npenenbHOH pacTBopn- 
Mocibfo a3QTa 0,1 moji.% [292]. JJnH 3thx KpHCTajmoB npH KOHueHTpaiiHM 
aaoia > 10 19 cm“ 3 HaGnioAaeTCH MHorononocnaTbiH cneKip b nornomeHHH h 
H 3JiyMeHHM, o6K3aHHbIH 3KCHTOHaM, CBH3aHHbIM He TOJIbKO Ha H30JIHp0BaHHbIX 

aiowax N, ho h Ha cJio^cHbix NN-ixeHTpax (pnc. 3.1), CieneHb noKajibHOH 
.ic^opMamm h 3 HeprHH cbh3h 3 KCHTOHa Ha c:io>KHbix NN-ueHTpax BoapaeiaeT 
c yMCHbiiieHHeM paccTOHHHH Me)KAy npHMecHbiMH aHHOHaMH b nape. Ilapbi 
inoaneicipOHHOH npHMecH b oJiHxcamuHX y3Jiax pemeTKH eo3naioT MaKCH- 
Ma:ibHbie JiOKaJTbHbie Ae<})opMauHH, h hm cooTBeTCTBytoT HanGonbiiiHe 3Hep- 
IHH CBH3H, noaTOMy 2 (CM. pHC. 3.1) OrpaHHqHBaei eneKTp H303JieKTp0H- 
HOH npHMecH C AAHHHOBOJIHOBOH CTOpOHbl. C yBeJlW-ieHHeM paCCTOHHHH MC)K- 
Xy aiOMaMH H303JieKTp0HH0H npHMCCH B napax 3HeprHH CBH3H 3KCHTOHOB 
Ma hhx yMeHbinaeTCH h AHCKpetHbie nojiocw nepexoA^T b cmoiiiHOH eneKTp, 
IIpOCTHpaiOmHHCH B KOpOTKOBOJIHOByiO OØJiaCTb AO nOJIOXCeHHH nOJIOCbl H30- 
iHpoBaHHbix N-ueHTpoB. C yBennneHHeM KOHueHTpauHH npHMecH > 10 19 cm" 3 
HOJlOCbl H3JiyMeHHH, COCTBeTCTByrølAHe H30JIHp0BaHHbIM JIOByiliKaM, MOryT 
oicyiciBOBaTb, nocKonbKy HanyneHHe b 3tom cny^ae 6onee a^c^eKTHBHo 
jcymeciBJifleTCfl nepC3 ypoBHH nap [295]. Bo36y>KAeHHe nepeAaeTCH k cjio>k- 
ubiM uernpaM jih6o nyieM MHrpaiiHH 3 Kchtoh3 k ueHipaM c Gonbrnen anep- 
men cbh3h (npbixcKOBbin MexaHH3M) [295, 307], jih6o nocpeACTBOM peao- 
naHCHOH nepeAa^H 3HepiHH [308, 309]. 

H 303 JieKTpOHHbie neHTpbl aKTHBHO B3aHMOAeHCTByiOT C KOJieGaHHHMH 
pemeTKH - okojio 90% HHxeHCHBHocTH OTAenbHbix nonoc npMxoAHTcn Ha 
4)OHOHHbie caienjiHTbi (pnc. 3.2). 3 to npHBOAHT k TOMy, mto MaKCHMyMbi 
cyMMapHbix mnpoKHX nonoc nomomeHHfl h K3JiyHeHHH MoryT 6biTb cymecT- 
bchho cMemeHbi cneKipajibHo. TaKOH cabht cBHAeiejibCTByeT o cnjibHOH 
aneKTpoHHo-KOJieGaienbHOH penaKcamm cooTBeTCTByiomHx B036y>KAeHHH. 

npH 3HeprHHX CBH3H, MHOTO GojlblHHX, MCM CBH3b 3KCHTOHOB B GaP * N, 
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Pmc. 3.1, CneKTpbi H 3 JiyHeHHB npn 4,2 K (ø), nomomeHHfl npn 1,6 K ( 6 ), conocTaBJieHue 
3 KcnepMMeHia;ibHbix pe 3 yjibTaToB c pac 4 exoM (e) h cxeMa 3 HepreT>mecKHX ypoBHeft 
CBH 3 aHHbix Ha a 3 oic 3 Kchtohob ( e ) b GaP > N [292-293] {b CKoSKax - 3 HeprwH cbh 3 h 

B M 3 B) 



Pmc. 3.2. CneKTpbi H3JiyweHH« h norjiomcHHB 3KcnxoHHbix noBynieK Oj e b xennyprøe 
UMHKa npn 20 K [306] 


6eccJ)OHOHHafl jihhhh b cneKTpax ne Ha&iioÆaeTCH, bcjihkh ctokcobw cflBMrH 
h noxiyuiHpHHbi nonoc, 3axBaneHHbix na H303neKTp0HH0H npHMecH 3 kchto- 
hob. Bce 3 to xapaKTepHo unn BHyipHueHipoBbix B036y>KfleHHH. B HacTHocTH, 
flnn CdS, nerMpoBaHHoro iennypoM, nonyuiHpHHa nonoc H3JiyneHHH jkckto- 
hob, 3axBaweHHbix ueHTpaMM, npn 4 K cocTaBnneT 0,2 3B (pnc. 3.3, a), hjih 
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ZnS * Te — ^0,25 aB (pHC. 33,5 ) b oiJiHMMe gt GaP N (cm. puc. 3.1), rae 
imjiyujHpHHa no.noc He npeBhiuiaeT cotmx aojiew aaeKTpon-BOJihia. Bo 3 hhkho- 
bchhc xaKHx cneKTpCB cBHzieienbCTByeT 06 H3MeHeHHH 3HeprHM cbhsh 3kch- 
lona npw ero penaKcauHH Ha npHMecw; b qacTHOciw, ann CdS • Te h ZnS * Te 
cneKipbi CBHAeiejibCTByior o bo3hhkhobchhh pejiaKcwpoBaHHbix coctoh- 
hhh, paawyc KOTopbix, no-BH^HMOMy, cymecTBeHHo MeHbiue, qeM cBQOoaHO- 

i O 3KCHTOHH. 

3.3. KHOIOPQa KAK H3Q3JIEKTPOHHAH FlPMMECb 

B CVJIbOHAE UMHKA 

Mo>KHO 3aKJlK)qHTb, HTO KHCJIOpOA B ZnS HB /1 HexCH riOJIHOCTbK) H303JieKTp0K” 
HOH npHMeCbK). PaiHOCTb 3JieKTpOOTpHUaTejlbHOCTeH JJJJH napbi O—S HBHHerCH 
HanSonbineH (cm. Ta 6 /i. 3.1) no cpaBHeHHrø c apyrwMH napaMH H30BaneHTH0- 
ro aHHOHHoro 3&MeuieHHH b xajibicoreHHaax umnca. Pc3khh CKanoK cbohctb 
npn nepexoae k KHcnopoay b pn.ay O, S, Se, Te npoHBJiHeTCH >i b H 3 MeHCHHH 
34)4> eK TKBHbIX pajIHyCOB aHHOHOB (CM. Ta 6 / 1 . 3.1), a TaK>Ke B IIpOTHXCeHHOCTH 
oGuiacTH roMoreHHocTH TBepabix pacTBopoB ZnS-ZnO, ZnS—ZnSe,ZnS ZnTe 
(cm. ia 6 n. 1.4). Ecjih juix CHCieMbi ZnS—ZnO ohs oKaibiBaeTCH MHHHMa/Tb- 
hom h cocTaBJineT 0,8 -1,2 moji.% aan ZnS • O h 0,3 moji.% ahh ZnO ■ S, to 
b CHCTeMe ZnS—ZnTe aocTHraeT 8—20 moji.% b cjiynae ZnS *Te h 27 moji.% 
b arryMae ZnTe • S; b cHcxeMe ZnS—ZnSe HaOjnoaaeTCH HeorpaHHHeHHan 
paCTBOpHMOCTb. 

CoOXBeTCTBeHHO MeHHSTCH H THII XHMHHeCKOH CBH 3 H b paay ZnO, ZnS, 
ZnSe, ZnTe. ComacHo [312, 314], c nepexoaoM k jienconojiHpHayiomHMCH 
aHHOHaM c SoJIhUIHM 3<j)<i>eKTHBHbIM pajJHyCOM flOJIH HOHHOH CBH3H B A 2 B 6 
3aKOHOMepHO yMeHbinaeTCH (cm. ia 6 ji. 3.1). YMeHbmeHHe BKjiaaa hohhoh 
CBH 3 H B COeAHHeHHHX A 2 B 6 IipHBOaHT K TO My, HTO yCTOHHHBOH CXpyKTypOH 
BMecxo BiopmtTHOH CT 3 HOBHTCH GTpyKTypa ccfcanepHTa, Tsk, ecjiH njiK ZnTe 
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h ZnSe CTaomTbHa b ochobhom KyOHqecKan MOAH(J)HKauHH [34|, a ajih ZnS 
xapaKiepHbi o6e CTpyKTypbi, to ZnO cnocoOeH KpHCTajuiH30BaTbCH rojibKO 
b CTpyKType BiopuHTa. ripn 3 tom nepexoA k ZnO ot xajibKoreHHAOB conpo- 
BO>KnaeTCfl HCKa^KeraeM reKcaroHaJibHOH ruioTHOH ynaKOBKH BiopuHTa c yMeHb- 
meHweM cja ot 1,63 ao 1,60. KpHCTaruioxHMHqecKoe HecooTBøTCTBHe b CMCTe- 
Me ZnS—ZnO ycyryOjiflexcfl nnn c^anepnia 66nbmeH bøjhhihhoh KOBOJienT- 

HOH COCTaBJIHIOineH CBH3H IIO CpaBHCHMK) C BrøpUHTOM, MTO o6t>HCHHCT MCKb- 

inyio pacTBopHMocTb ZnO b c^anepHTø, høm b BiopAHxe (cm. Ta6n. 1.4). 

TaKHM o6pa30M, cpaBHHTenbHbiH aHanna KpHcxajuioxHMHqecKHX oco6øh- 
HoexeH CHCTøMbi ZnS—ZnO h chctcm c aHHOHHbiM 3aMemøHHøM Ha 6a3ø flpy- 
rnx coøAHHeHHH A 2 B 6 (cm. Ta6n. 1.4, 3.1) hjih A 3 B 5 no 3 BOJiHøT npøanona- 
raTb cjiøAyiomee. KncnopoA AOJixcen AauaTb b ZnS ueHTpbi 3axBaTa ajiøKTpoH- 
hmx BoaOyxcAeHHH (okchtohob), xaK KaK pa3HHua ajiøKTpooTpKuaxenbHoc- 
TCH H 3(J)(J)eKTHBHbIX parøyGOB B 3T0M CJiyMaø Aa>KØ 6oJlbUie, HØM B CHCTeMe 
ZnS *Te h cpaBHHMa c ZnTe ‘O. Flpn cpaBHHTejibHo OoJibinoH pacTBopHMoc- 
TH KHCnopofla B CyjIb({)HAe UHHKa B03M0>KeH 3aXBaT 3KCHTOHOB He TOJTbKO 

hu H30HHpoBaHHbix aTOMax npHMecH Og, ho h na napax aTOMOB Os—Os. 

HaH6ojiee 6jih3KHM H303JieKrpoHHbiM aHanoroM ZnS * O aieflyøT npH3HaTb 
GaP • N [295, 314]. ripHHaAnexcHOCTb cynb(})HAa UHHKa h (J)OC(})HAa rajuiHK 
k oflHOMy H303JieKTpoHHOMy pHfly oiipeAeJiHcx o.AHOTHiTHocTb cxpyKTyp (c(})a- 
nepHT) w no^TH oAHHaKOBbie napaMøTpbi onøMCHrapHOH aqeftKH - 0,541 hm 
AHh ZnS h 0,544 hm ahh GaP. Aaox h KwcnopoA cymecTBeHHo oTJiHqaioTCH 
no cBOHcxBaM ox nocneAyioiAHx ajieMeHTOB cbohx noArpynn nepHOAnnecKon 
CHCTeMbl. B CBH 3 H C 3THM N H O HMeiOT IIpHMepHO OAHHaKOByiO pa3HOCTb 
ojieKTpooTpHAaxeiibHocTeH h 3(})(J)eKTHBHbix paAHycoB no cpaBHeHHfo c 4>oc- 
(J)opoM h cepoH, npoHBAHH no oTHOiiieHHK) k hhm b peuieTKax GaP H ZnS 
aKuenTopHbie CBowcTBa. CneAyeT o>KHAaTb b cbh3H c 3thm ananorHio b CTpyK¬ 
Type enØKTpOB H303JieKTp0HH0H ITpHMØCH B 3THX KpHCTaJTIJiaX. 

OAHaKO npn paeTBopHMoeTH npHMecn >0,1 moji SJc , KaK 3 to HMeeT Mecro 
ahh KHCJIOpOAa B ZnS, 3aBHCHM0CTb KOHACHTpaHHH H30JIHpOBaHHbIX H nap- 
HblX UeHipOB OT oOlAeil KOHAeHTpaAHH npHMecn B ZnS • O AOJDKHa 6bITb 6o- 
nee cnoxcHaji, høm b GaP • N. 

CornacHo CTaTHCTHKe, KOHAeHTpauHH H30JiHpoBaHHhix ACHTpoB (o6o3Ha- 
hhm hx A 0 ) Moxcex 6biib onpeAeneHa b 3aBHCHMocm ot o6mero coAepwaHHH 
npHMecH C KaK 

[A 0 ] = C(i — C)"°, (3.1) 


a njin napHbix ueHTpoB (o6o3HaqHM nx A), A 2 , ...»A,) KaK 

[A,]=mC 2 ( 1 -C) n i~\ (3.2) 

rAe rij — hhcjio ne 3aHHTbix npHMecbw aHHOHHbix y3jiOB petueTKH c(})ajiepH- 
xa b oOnacTH JiOKajiH3aAHH B036y>KAeHH>i; m — qncno 3KBHBarieHTHbix nap, 
COOTBeTCTByKJIAHX OAHOMy H TOMy xce paCCTOHHMK) Me>KAy H 30 JIHp 0 BaHHbIMH 
aTOMaMH KMcnopoAa b nape; C — 6e3pa3MepHan BenHHHHa KOHAeHTpaAHH 
(MontHbie aojih) KMcnopoAa b ZnS. 

06e (JjyHKUHH, onpeAenneMbie coothouiøhhhmh (3.1) h (3.2), npoxoAHT 
qepea MaKCHMyM npH H 3 MeHeHHH C: 

C£°ax = l/("o+l), (3.3) 
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C 1 x = 2 A"/ + 2 )- < 34 > 

3to o3HaMaeT, hto omenbHbie rpynnbi nojioc khcjiopoahmx jionyiueK bo3- 
6 y>KfleHHH røJi>fCHbi SbiTb HanøoJiee HHTencHBHbi npH onpeAeneHHbix kohucht- 
pauHHX KHCJiopoAa b ZnS. 

CornacHo paøoTHM [290, 291], mo>kho npeAnonaraxb, mo 3 axBaMeHHbie 
pa3jiHMHbiMM KHCJiopoAHbiMH jiosyiiiKaMH B030y>KAeHHH MoryT peuaKCHpo- 
BaTb. B 3 tom cnynae khcjiopoa b ZnS nonxceH naBaTb npe rpynnbi B030y>K- 
AeHHbix coctohhhh - HepenaKCHpoBaHHbie h penaKCHpoBaHHbie. npeACTaB- 
neHHe o HepenaKCHpoBaHHbix cgctohhhhx øjik 3 ko k iiohhthk) CBH3aHHoro 
JKCHTOHa. I103TOMy HHOTAa Mbl AJIH KpaTKOCTH øyACM nonb30BaTbCH TepMH- 
hom — CBH 3 aHHbiH 3 kchtoh, HepenaKCHpoBaHHbie COCTOHHHH, IIO-BHAHMO- 
My, Aaioi cneKTpbi, noAOØHbie y 3 KononocHbiM cneKTpaM N b GaP [294]. 
IlpH onncaHHH penaKCHpoBaHHbix coctohhhh ne BnojiHe KoppeKTHO Hcrionb- 
30BaTb npeACTaBnerae 06 aKCHTOHe. 3 to ocoøeHHo othochtch k pe.naKCMpo- 
BaHHbiM coctohhhhm, AarøiuHM inHpoKononocHoe HsjiyneHHe B OØJiaCTH CneKT- 
pa, cooTBeTCTByroineH jiiomhH ecueHiiKH ZnS Ha myøoKHx ueHTpax. ÅHano- 
THHHblMH CBOHCTBHMM OØJiaAaiOT OrMCaHHbie B JIHTepaTypC H303JICKTp0HHbie 
ueHipbi KHcnopoAa b ZnTe, Tejmypa b CdS h ZnS, AaroiuHe innpoKHe nono- 
cbi H 3 nyqeHHH (cm. pnc. 3.2 h 3.3). 

flnH Toro moøbi pa3jiHMaib penaKCHpoBaHHbie h Hepenai&HpoBaHHbie coc- 
TOHHHH npH 3aXBaTe BO30y)KACHHH OAHHM H TeM >Ke KHCJIOpoAHblM UeHTpOM 
b ZnS, BBeACM o 6 o 3 HaMeHHH: Aq?, AA^ p , .... Af v — aah HepenaKCH- 
poBaHHbix coctohhhh h A§ 3 A \, A\ 3 A\, ..., Aj - ajih penaKCHpoBaHHbix coc¬ 
tohhhh. 3th o6o3HaqeHHH SyAeM Hcnojib30BaTb b AaJibHemiieM. CsoøoAHbiH 
A 3 Kchtoh øyACM oroBapHBaib cneuHajibHo. 

MAeHTHt})HKaAHK) nojioc cneKTpa penaKCHpoBaHHbix h HepejiaKCHpoBaHHbix 
coctohhhh Ha KHCJiopoAHbix noByuiKax B030y>KAeHHH npoBeAeM Ha øa3e Ha- 
simx 3KcnepHMeHTajibHbix AaHHbix, TaK KaK TeopeTHHecKHH pacnex noAoØHbix 
cncKipoB b HacTontuee BpeMH OTcyicTByeT [293, 315]. 

3.4. PEJTAKCHPOBAHHblE B03By>KAEHMfl 

HA KHCJlOPOAHblX H30JIHPOBAHHWX UEHTPAX H AAJTbHHX nAPAX 

Bo3HHKHOBeHHe 3THX HOJIOC CJieAOBaJIO 0>KHAaTb (cm. pa3A. 3.2) B Kpae- 
boh oønacTH cneKTpa ZnS upyi cpaBHMTejibHO Manbix KOHueHTpaimHX khcjio- 
poAa. JAfin nojiyneHHH oøpa3uoB ZnS • O c Man mm KOHTpojinpyeMbiM coAep- 
>KaHHeM pacTBopeHHoro KHcnopoAa nopHAKa 10~ 2 < [Os] < 10 _1 moji.% 
HaMH Hcnonb30Banocb ra30(f>a3Hoe coocaxcneHHe ZnS h ZnO Ha opHeHTHpyio- 
LUHe noAnoxoai b BaxyyMe h BbipamHBaHHe H3 paciuiaBa c H3MeHeHneM ypoB- 
hh ji empoBaHHH. Ta30(})a3Hoe coocaxcACHHe, KaK H3BecTHo [79], AaeT Han- 
nynuiHe pe3yubTaTbi aah roMoreHH3auHH TBepAtix pacTBopoB Ha ocHOBe pa3- 
jiaraiouiHXCH coeAHHeHHH A 2 B 6 , KOMnoHeHTbi kotopmx 3HanHTejibHO otjih- 
qaioTCH no BejiHHHHe AaBJieHHH napoB komhohchtob. npH AocTaTOHHo bbico- 
koh TeMnepaiype HcnapeHHH h cKopocra ocaxcAeHHH 3 tot mctoa no3BOJiHeT 
noJiyqHTb napoByio <|>a3y, cocTaB kotopoh npHøjiHxcaeTCH k cociaBy Hcnapne- 
moh HaBecKH HexoAHoro MaTepnana. 

BapbHpoBaHHe TexHononmecKHx ycnoBHH ocaxwHHH (TeMnepaTypbi hc- 
napHTejiH ot 950 ao 1080 °C h noflnoxocH b npeuenax 220-700 °C) no3Bo- 

J1HJIO HaM nonyHHTb KOHACHCaTbl ZnS • O c pa3JIHHHbIMH OTKJIOHeHHHMH co- 
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Aepacarom KHcnopoAa ox sazxaHHoro b hcxoahom MaTepnaJie. OcaacACHHe 
npOH3BOOTJTOCb B KBa3H3aMKHyTOM OObCMe npH BaKKyyMe 10 ' 5 xopp H3 
nopounca I inna c coAepxcaHHeM [O] o6iu ^0,4 mojt.% (xapaKxepHCiHKa no- 
pouncoB I h II xhiiob AaHa b pa3A. 4.1). Mcnojib30BaHHe opHeHXHpyiomHx 
cJirøAHHbix norpro)KeK no3BOJiHno pacxnxb choh npn AoexpoHKe nnocKocxeH 
nnoxHeHiueH ynaKoB kk (111) napaimejibHo noAJio>KKe ajih c<j>ajiepHxa h 
(0001) ajih BiopuHxa. ITo JiHxepaxypHbiM «aHHbiM [316], KOHTaxx iuiockoc- 
xefi xanbKorena c ra30BOH <J)a 3 oH oGnernaex aACop 6 nHio KHcnopoAa. Cyw 
no 3jreKxpoHorpaMMaM [317], no opneHxanHH h cxenemi coBepinsHCTBa cxpyK- 
xypw nonyMeHHbie Haivm o6pa3Ubi npn 6 jiH>KaioxcH k MOHOKpHcxajuriniecKHM. 
CoAep)KaHHe pacxBopeHHoro KHcnopoAa b cjtohx toaiahhoh 0,3-3 mkm no 
AaHHhiM peHxreHocxpyKTypHbix HccnenoBaHHH BapbnpoBajiocb b npenenax 
ox ^0,06 ao 0,3 moji.%. KpHCxajnmqecKaH cxpyKxypa HccneAOBajiacb na ah* 
(JjpaKxoMexpe, 3jieKxpoHHOM MHKpocKone h AeøaeBCKHM mcxoaom [317]. 

Ha pHC. 3.4 npHBeAeHbi cneKxpw KaxoAonioMHHecueHUHH noJiyqeHHbix cjio- 
eB npH 80 K. B cjiyqae onntMajibHbix nepecbimeHHH (xeMiiepaiypa ncnapH- 
xenH 7 HCri = 980 °C) Ha Harpexbix ao 415 °C noAnoaocax pacxyx Becbivia co- 
BepmeHHbie choh c<i>ajiepHxa. Mx cneKxp (KpHBan 7) npeACTaBJieH b ochob- 
hom ,4 Kp -nonocoH KaxoAonioMHHecAeHAHH 327,3 hm; nono>KeHHe ee b cneKX- 
pax oTpaxceHHH 326,7 hm. Mm anpnopH npennonaraeM, 4 xo /l- 3 KCHxoHHaH no- 
noca b fipHcyxcxBHH KHcnopoAa b KOHueHTpauHK > 10 19 cm” 3 MO>xex onpe- 
AeJTHXbCH HC CB 060 AHMM, a CBH3aHHbIM Ha KKCJlOpOAHblX nOByillKaX 3KCHXO- 
HOM, KJIH HepeJTaKCHpOBaHHbIMH B036y>KAeHHbIMH COCXOHHHHMH (CM. pa3A- 3.9). 

C yBe;iHqeHHeM ckopocth nepeHoca npn HanbtneHHH (T HCn = 1000 °C) 
b cjiohx BoapacTaex coAepxcaHHe pacxBopeHHoro KHcnopoAa ao 0,1-0,2 moh.%. 
O ahob peMeHHo /l Hp *noJioca k aTo ao jhomhhc ene hixhh CMeinaeTCH ao 328,5 hm. 
n P n [Os] > 0,1 moji.% b H3JiyMeHHH noHBjiHCTCH HpKo BbipaxceHHaH CepHH 
3KBHAHcraHXHbix rionoc c roJioBHOH nmmePi 336 hm h ZØ-noBXopaMH (cm. 
pno. 3.4, KpHBan 2). OGosHarøM ee ,4£. 3 ra rpynna nonoc pacxex no HHxeH- 
CHBHOCTH c yBCJIHqeHHGM [Os] B CJIOHX. 3HepreTH4CCKHH 3a30p Me5KAy no- 
nocaMH .4” p h roJioBKon jiHimeH ^g-cepKH cocxaBjmeT ^0,09 aB. ripn koh- 
ueHxpaAHHX pacxBopeHHoro KHcnopoAa > 2 moji.% Ha 3Ty cepHio c aahhho- 
B0JJH0B0H CTOpOHM HaKJIBAblBaiOTCH nepeKpblBaJOIAHeCH c Hen AOnOJIHHXeilb- 

Hbie nojiocbi CBeneHHH b oonacxn 340- 350 hm (cm. pnc. 3.4, Kpraan 3). 

Te >xe H3MeHCHHH cneKTpos H3jiyqeHHH moxcho HaOnwaaxb jjjih KpHcxan- 
jiob reKcaroHajibHon 4>a3fai, BbipameHHOH Ha Harpexbix no 650 °C noAnoxe- 
Kax. B 3THX ycnoBHHX npn Manbix KOrfueHTpauHHX Os pacxyT cjioh cjtcdkho- 
ro <})a30Boro cociaea na-sa coBMecTHofi KpHcranjiH3auHH BiopiXKra h ccpajie- 
pma h CBeqeHHe c^ajiepHTa b Kpaeson (335 350 hm) oOnacTH qacTiinno nepe- 
Kpbffiaex crieKxp BiopuHTa (cm. pnc. 3.4, KpHBan 4 ). Ho b OTAenbHbix cny* 
qa hx ynaexcn M36e>KaTb npHcyxcxsHH 3CZnS h nojiynaxb reKcaroHanbHbie 
cjioh, KaK 3To cneAyex, b HacxHocxn, H3 hx xjieKxponorpaMM. Ho AaHHbiM 
AeSaeBCKHx HCcneAOBaHHH, reKcaroHajibHbie cjioh 2//ZnS, KaK npaBHJio, co- 
AepxcaT HecKOJibKo oojibimie KOHueHTpamin pacxBopeHHoro KHcnopoAa. B 
cneKTpax KaxoAOJnoMHHecueHAHH reKcaronajibHbix cnoeB npn [Os] >0,1 moh.% 
B 03 HHKaex aHajiorHHHan 3CZnS cepun 3KBHAHCxaHXHbix nojioc c ZO-noBXopa- 
mh h tojiobhoh jiHHHeH 331,0 hm (KpHBan 5). 3HeprexH4ecKHH 3a3op Me>KAy 
roJiOBHOH JiHHHeH y4g-cepHH h .4^-nonocoH Ann reKcaroHajibHOH cxpyKiypbi 
cocxaBJiHeT ~ 0,085 3B. 3xa rpynna nonoc 2/7ZnS, KaK h a Jin 3CZnS, pac- 
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(4 t 5), nonyneHHbix mctoaom ra3oc})a3Hoft oiiHTaKCHH, a TaK>Ke cneKTp norjiouieHHH nneH" 
kh cc})aJiepHTa npw 300 K ( 6 ) 

Phc. 3.5. CneKTp bi KaToaonioMHHccueHUHH ripn 80 K MOHOKpucTajuioB cctmuepuTa, Bbipa- 
meHHbix H3 pacnnaBa co ckopocthmh BbiTHFHBaHHH 5 (/), JO (2), 20 mm/m (i) h c ao6aB- 
Kott b pacnnaB okhch ixHHKa b KonjwecTBe 0,5 ( 4 ) m 2 moji.% (5) 


aojiaraeica b Gojiee kopotkobgjihoboh oGnacra, qe m M3BecTHoe H3 nHTepaiy- 
pbi CBeqemie AoHopHo-aKAenTopHhix nap [149]. 

Bo3BpamaHCb k paccMOTpeHHbiM paHee (cm. pnc. 2.6) cneKTpaM KaTOAOJiio- 
MMHecueHiiHH noJTMTHnoB ZnS, mo>kho BHfleTb, mto aHæiorHqHbie rpynnbi nonoc, 
OTCToamHe ot A Hp npMMepno Ha 0,085 aB, xapaKTepHbi h ahh Apyrux reKcaro- 
HanbHbix cTpyKTyp ZnS, coAep>KamMx pacTBopeHHbin KKCJiopQA b KOHueHTpa- 
Uhhx 0,1-0,2 moh.%. H3MeHeHHe cneKTpoB KaiOAOJiioMHHecueHUHH ZnS O 
npn yBeJiHMeHHM coAepxcaHHH pacTBopeHHoro KHcnopoAa npHMepHo ao 
10 20 cm" 3 Mbi HaOjiioAaJiH Taioice Ha MOHOKpHcxajinax, BbipameHHbix H3 pac- 
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nnaBa (pnc. 3.5). Conep>KaHHe KHcnopona b iaKHx o6pa3uax BapbHpoBanocb 
KaK nyTeM H3MeHeHHH CKOpocra BbITHrHBaHHH, taK h npnMbiM nernpoBaHHeM 
pacmiaBa okchaom ijHHKa (K03<{><])HUHeHT pacnpeAeneHHH K 0 , no HauiHM AaH- 
hmm, nn» KHcnopoaa b ZnS cooiBeTCTByei ~0,1). KaK H3BecTHO, yBejiHqeHMe 
CKopocm pocia BJiHHei Ha 3(J)cl)eKTMBHbiH K03(J)(})Hii 1 KeHT pacnpeAeneHHH npHMe- 
CH MOKfly TBepAOH H )KHAKOH (})a3aMH B CTOpOHV erO yBeJIHHeHHB. XleHCTBHTeJlb- 
HO, Mbl Ha6JlK)AaJTH npH MaKCHMaHbHblX CKOpOCTHX BbITHrHBaHHH (20 mm/m) 
TaKHe >xe H3MeHeHHH b cneKTpax khto AonJOMUHecueHimn (KpHBan 3), KaK 
h npH aoOaBKax ZnO b pacnnaB (KpHBan 5). 06mee coAep>KaHMe KHcnopoAa 
B C^ajrepHTe, BbipameHHOM npH nOBbimeHHblX CKOpOCTHX BbITHrHBaHHH H3 pac- 
nnaBa, nopnnKa 2 moji.%. TaKoe coAepxcaHHe KHcnopoAa npH6im>KaeTCH k npe- 
AeJibHoii pacTBopHMocTH ero b ZnS b6bh3H TeMnepaiypbi nnaBjieHHH (cm. 
m. 1). JJoOaBKH ZnO > 0,5 moji.% (KpHBan 5) bhocht cyinecTBeHHyio necJjeKT- 
HOCTb H npHBOAflT K BblAeJieHHIO OKCHA3 KaK <J)a3bI. B 3THX CAyqaHX B03HHKa- 
lOT nonocbi b oSnacTH 380—415 hm. 

B KpHCTajrmax, cooTBeicTByiomHx cneKTpaM 1—3 KoHueHipannn pacTBopeH- 
HOFO KHCJiopoAa CpaBHHTenbHO HK3KHH H H3MeHHeTCH CO CKOpoCTbW BbITHrHBa¬ 
HHH b He6onbuiHX npeftejiax (0,2-0,4 moji.%) . hhx, KaK bhaho H3 pnc. 3.5, 

c yBejinqeHHeM coAepx<aHHH KHcnopona ycnnHBaeTCH no oTHocHTejibHOH hhtch- 

CHBHOCTH I(Aq)/1(A HV ) cepHH Aq , nOJIO>KeHHe rOJIOBHOH J1HHHH KOTOpOH AAH 
3 thx o6pa3UOB c A6(}>eKTaMH ynaKOBKH cooTBercTBycT 335 hm. KpoMe Toro, no- 
hbjihiotch h ycHJiHBaioTCH KOMnoHeHTbi cneKTpa B oOjiacTH 340-350 HM. Ohh 
pa3pemaioTCH y coBepmeHHbix no CTpyKType KpncTannoB Ha oTAenbHbie nonocbi 
hjih rpyrmbi nonoc, nonoxceHHe KOTOpbix 3aBHCHT ot coAepxcaHHH KHCJiopoAa b 
o6pa3uax. llpn noBbimemtou kohachT pamw Os nonocw b o6nacrH 340 - 
350 hm nepeKpwBaioTCH h cJiHBaioTCH b oAHy c mhk cHMyMOM 345 hm (cm. 
pHc. 3.5, KpHBan 3). Tpynna nonoc 340—350 hm (o6o3HaqHM ee Aj) cootbct- 
CTByeT oOnacTH ocHOBHoro KpaeBoro cneKTpa nioMHHecneHAHH ZnS, rne npoHB- 
JinercH h CBeqeHHe AOHOpHo-aKuenTopHbix nap. 

Ajih paciuiaBHbix c<]>anepHTOB c KonneHTpaixHeH Os oKono 10 20 cm -3 b H3- 
nyqeHHH ycTOHMHBo oTMeqaeTCH nonoca 368 hm (pnc. 3.5, KpHBbie 1, 2, 4), 
MTO, OAHaKO, He KOppeJIHpyeT C B03HKKHOBeHHeM BblACJieHKH ZnO B MOHO- 
KpncTajinax (cm. rn.4). nonoca npHcyma TBepAOMy pacTBOpy ZnS • O [155] 
h HCqe3aeT c noHBJieHHeM oKCHAa KaK 4>a3bi. IlpH npHMOM nernpoBaHHH paciuia- 
Ba OKCHAOM UHHKa (CM. pHC. 3.5, KpHBHH 4) MO>KHO AOGHTbCH yCHIieHHH OTHO- 
CHTeJIbHOH HHTeHCHBHOCTM nOJIOCbl 368 HM nyreM nOBblliieHHH KOHUeHTpaAHH 
pacTBopeHHoro KHcnopoAa b c(]>anepHTe. Oahbko npn 3 tom ycHJiHBaeTCH TaK>xe 
cBeqeHHe A%, mto, no - b h ahmo My, CBH3aHO c HeoAHopoAHQCTbio paciuiaBHbix c4>a- 
nepHTOB (onncaHHOH b pa3A. 5.2). 3Ta xce HeoAHopoAHOCTb npoHBjiHeT ch h npn 
ycHJieHHH OKCHAHbix nonoc (cm. pHc. 3.5, KpHBaH 5) . 

Cno>KHoe noBeAeHHe nonoc A p b oOnacTH cneKTpa 340—400 hm MoaceT 6biTb 
noHHTo Ha ocHOBe moachh KHcnopoAHbix noByineK B036yx<neHHH b ZnS. fleii- 
CTBHrenbHO, paccMOTpeHHbie cneKTpbi y>xe no3BonHK)T BbiAenHTb TpH ocHOBHbie 
rpynnw KHcnopoAHbix nonoc b ZnS. HaH6onee KopoTKOBonHOBan A%- cepna, 
npOHBnnioinaHCH npH caMbix Manbix KOHueHTpauHnx pacTBopeHHoro KHcnopona 
1 • 10 19 cm*" 3 b cneKTpax KpHCTannoB Bcex MOAH(J)HKauHH, nonyqeHHbix pa3- 
nHMHbiMH MeTOAaMH [183, 198—313], h oTCTonman npHMepHo Ha 0,1 3B ot A- 
3KCHTOHa ZnS, oOycnQBneHa coctohhhhmh, penaKCHpoBaHHbiMH Ha H3onHpo- 
BaHHbix aTOMax KHcnopoAa Os (cm. nanee Ta6n, 3, 4). Tpynna 6nH3Ko pacno- 
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jicoKeHHbtx h nepeKpbiBarøinHxcH nonoc b oønacTH 340-350 hm, nenocpeAciBCH- 
ho npiiMbiKaiomafl c AjTMHHobojthoboh CTopOHbi k /l o “CcpHH, o6ycnoBneHa pe- 
JiaKCHpoBaHHbiMH coctohhhhmh A? npH j > 4 Ha najibHHx Os O g -napax. Hpo- 
HBJieHHe toh hjih hhoh rpynnbi nonoc cneKTpa AanbHHX nap onpeAenneTCH H3Me- 
HCHHflMH KOHUeHTpaUMH Os , npHCyTCTBHeM Ae^eKTOB ynaKOBKH, Ha KOTOpblX, 
no-B hiihmo My, peajiH3yioTCH nanbHHe CBH3H h t.h. H HaKonen, nonoca 368 hm, 
cooTBeTCTBytomaH BecbMa hhtchchbhohv43 -KOMnoHeHTc KHcnoponHoro cneKT¬ 
pa, oGycnoBJieHa ”cpenHHMH” napaMH — coceAHMH TpeTben KOopAHHaimoHHOH 
c(J>epbi. PaccTOHHHe Mexmy aTOMaMH Os wih 3thx nap cymecTBeHHo ouiHqaeTCH 
ot paccTOHHHH b ^Ojihxchhx” napax (>l p 2 ), a TaKXce AanbHHX napax (A p ), KaK 
bhaho H3 Ta6n. 3.4. B cbh3h c 3 Thm n nonoa<eHHe noJiocbi A p b cneKTpe KaTOAO- 
moMHHecueHUHH oTAeneHO 3HanHTenbHbiM 3HepreTHnecKHM mrrepBanoM ot 6nn- 
>KaHIlIHX KOMnOHeHT. 

KoHKypeHUHH 3 toh nojiocbi 368 hm co cneKTpoM AanbHHX nap 340—350 hm 
npn H3MeHeHHH [Os] o6*bHCHHeTCH cnenyioinMM. Upn yBenHneHHH conep>KaHHH 
paciBOpeHHoro KHcnopona 0,2—0,4 moji.% b ZnS mbk cHMy m nojiocbi 340— 
350 HM CMemaeTCH B AHHHHOBOnHOByiO CTOpOHy H3-3a yBejlHMeHHH TOCJia 
AanbHHx nap O s —Og c MeHbmnMH paccTOHHHHMH Mencfly aioMaMH khcjio- 
pona Og b nape. HanbHeHiuee yBennneHHe KOimeHTpauHH paeiBopeH- 
hoio KHCJiopoAa npHBOAHT k o6pa30BaHHK) cpeAHwx nap, npH 3 tom b KaTOAO- 
nioMHHecueHUHn B03HHKaei cociaBJiHioman A v 3 368 hm, a cn?KTp AanbHHX nap 
nponanaeT M3-3a yMeHbiue hhh hx KOHueHTpauHM, Pacnan n paccnoemie CHCTeMbi 
ZnS- ZnO c BbiAenenneM 4 >a3bi oKcnna (cm. rn. 5) pe3KO CHH>KaeT KOHixeHTpa- 
iihk) paCTBopeHHoro Kwcnopona b ochobhom oObeMe peineTKH ZnS. Torna 
oOTOBpeMeHHo c noHBneHHeM nonoc ZnO • S (b oGnacm 380- 400 hm) yciuw- 
BaeTca cneKTp AanbHHX nap (oOnacTb 340 -350 hm) . 

PaccMOTpeHHbie rpynnfa nonoc KHcnopoAHbix noBymeK B036y>KAeHHH npn- 
cyTCTByrøT b cneKipax nornoiueHHH h KaToaomoMHHecneHUHH nomn Bcex bh- 
aob MOHOKpncTannoB ZnS, BbipameHHbix pa3nnnHbiMH MeioaaMH. Ha pwc. 3.6 
npHBeaeHbi cneKTpbi MOHOKpHdannoB, BbipameHHbix H3 pacnnaBa (a), b cpaB- 
hchhh co c<J)anepHTaMH, nonyneHHbiMH apyrHMH MeTOAaMH: H3 ra30BOH <J)a3bi 
(6) h THApoiepManbHbiM cHHTe30M (h) . JQah nepBoii rpynnbi o6pa3uoB npHBe- 
neHbi HanOonee xapaKTepHbie cneKTpbi KpncTanjiOB c coAep>KaHHeM KHcnopona 
0.2 (7); 0,4 (2) h 0,6 Mon.% (5). MoHOKpHCTannbi, BbipameHHbie H3 ra30BOH 
4)a3bi, npeACTaBneHbi o6pa3ixaMH, nonyneHHbiMH mctoaom nepecy6nHMaimH 
(6, KpHBbie 7), no IlaHnepy, c aoOaBKOH KHcnopoaa b ra30Byrø cpeay (6, KpH- 
Bbie 2) h koahahmm TpaHcnopTOM (6, KpHBbie 3) . MeTOAHKa rnnpoiepManbHO- 
ro cHHTe3a npeAcraBneHa o6pa3uaMH, BbipameHHbiMH b menonHOH (e, KpH¬ 
Bbie 2) h khchoh (e, KpHBbie 7) cpenax. CneKTpbi 2 h 2* cooTBeTCTByioT pa3- 
HbiM ynacTKaM KpHCTannoB. 

PenaKCHpoBaHHbie coctohhhh Ha ueHTpax KHcnopona npoHBnmoTCH TaKxce b 
cneKipax nornomeHHH h oTpaxceHHH 3thx o6pa3iioB. B OTjiHnne ot OecKHeno- 
poAHoro cynb(t>HAa uHHKa npn [Os] ^ 0,1 moh.% b 3CZnS B03paciaeT nonon- 
HHTenbHoe nornomeHHe c AnHHHOBonHOBOH cTopoHbi ot Kpan (J)yHnaMeHTanb- 
hoto nornomeHHH h B03HHKaeT pe3KHH nnHHHOBonHOBbiH Kpan 335 hm. 3to ao- 
nonHHTenbHoe nornomeHHe c yBenHneHHeM [Os] ycnnHBaeTCH, a 3aTeM KpaH 
cMemaeicH ao 340—350 hm. 3KcmoHWdH A Hp -uonoca b oipaxceHHH (nornome¬ 
HHH) npn 3tom coxpaHHeTCH. rio cneKTpaM oipaxceHHH bhaho yuiHpeHHe, pa3- 
MbiTMe h AHHHHOBonHOBoe CMemeHHe yl Hp -nonocbi npn nocnenoBaTenbHOM 
CABHre Kpan ao 335 hm Hnn 350 hm. 77 




Phc. 3 . 6 . CneKTpbi norjiomeHHfl h MHKpotøoTorpaMMbi 3 KchtohhoA nonocbi 0 Tpa>KeHHB 
npH 77 K, a Taiotce cneKTpbi KaTonojuoMHHecueHUHH npw 80 K MoHOKpHCTaunoB cyjib<J)naa 
tXHHKa, BbipameHHbix H3 pacnnaBa (a), H3 ra30Bott <£a3bi (5) h rHApoTepManbHbiM cmrre- 
3OM (fl) 
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[*v.c. 3.7. MHKpo(J)oTorpaMMbi cneKTpoB 0 Tpa»eHMB irpn 77 K pa3Hbix o6pa3uoB ccJjajie- 
pvrra, BbipameHHbix H3 pacnnaBa c conep>KaHHeM pacTBOpeHHoro KHCJiopoAa 0.2-0,4 moji.% 


AHa;iH3 npeuapaTHBHbix ycjioBHH, npH KOTopwx B03HHKaei nonojinHTejibHoe 
nornomeHHe b ZnS, jjaH b pa6oie [153] h TaKxce noATBepx<AaeT bbiboa o tom, 
mto ero npHHHHOH HBnneTCfl KKCJiopoA. B uacxHocTH, B,onoJiHHTejibHbiH Kpan 
B03HHKaeT npH TepMoo6pa6oTKe b napax iWHKa hjih oGnyqeHHH ajieKTpoHHbiM 
IIV4KOM B HK3KOM BaKyVMe. 

B o6nacTH AonoJiHHTejibnoro noroomeHHH b oipaxceHHH b HeKOTOpbix cjiy- 
M3HX HaØJTlO.aaeTCB y3KOJTMHeMMaTblH CHCKTp (pHC. 3.7), KOTOpblH moxcho conoc- 
TaBHTb C aanbKHMH KHCJIOpOAHbIMH IiapaMH Os—Os c pa3HbIM paCCTOHHHeM 
Me>KAy aTOMaMH KHcnopona. CneKTp iipencTaBjieH Ha6opoM AHCKpeTHbix jihhhh 
pa3HOH HHTeHCHBHOCTH, CXOAHmMXCH K KOpOTKOBOJIHOBOMy HpeAeJiy 335 HM. 
TaKan cTpyKTypa cneKTpa HawGonee xapaKTepHa ajih H303JieKTpoHHbix JioBy- 
HieK, B TO BpCMH KaK B OieKTpe AOHOpHO^aKUeriTOpHblX nap pHA JIHHHH CXOAHT- 
ch k AAHHHOBOJiHOBOMy npeAeny. rionoxceHHe nojioc cneKTpa 0Tpax<eHHH h hx 
noJiyuiHpHHa juin Tpex pa3jiHMHbix o6pa3AOB npHBeACHM b trGji. 3.2. ripn TeM- 
nepaType xcHAKoro a30Ta HaM yAaBajiocb HaGjiionaTb 3 th cneKTpbi TOJibKo ahh 
naHGojiee coBepuieHHbix KpHCTajiJioB, BbipameHHbix H3 paciuiaBa, TepMoo6pa6o- 
TaHHbix B napax unHKa, a TaK>*ce nernpoBaHHbix MeAbæ h TajuiueM hjih oCwiyneH- 
HblX MaJIbIMH A03aMH HeHTpOHOB. Y3KHe nOJIOCbl Ha6niOAaJIHCb TOJIbKO B OTpa- 

xceHHH h TonbKo b Tex cjiynanx, Korna HenpepbiBnoe AononHHTenbHoe nonrome- 

HHe C pC3KHM AHHHHOBOJIHOBblM KpaeM B 3TOH oGjiaCTH OTCyTCTBOBaJIO. 
KpHCTajUTOB, BbipameHHbix H3 paciuiaBa, b cneKrpe oTpaxceHHH nap HaøjirønaeT- 
ch, KaK npaBHJio, 5-7 nonoc: AAA&, A v v AA?, A ? 0 (pHc. 3.7) . Machth- 
(J)HUHpoBaTbOTAenbHbie KOMnoHCHTbi cneKTpa AanbHHx nap no3BonHjio conoc- 
TaBJieHHe oTHocHTenbHon hhtchchbhocth oTAenbHbix jihhhh cneKTpa nap 0$ — 
Os c hhcjiom 3KBHBaneHTHbix nap b peuiCTKe ZnS (cm, Ta6ji. 3.2 h 3.4), a TaK- 
xce c pe3ynbTaTaMH, nonyMeHHbiMH H3 cneKTpoB nornomeHHH GaP • N (cm. 
pHc. 3.1, e). MccjienoBaHHn cneKTpoB OTpaxcerøn h norjiomeHHH no3BOJiHJiH 
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Tao.mua 3.2 noJio>KeHHe h noJiyuiHpiiHa (b hm) iiojioc oTpa>KeHHH 3CZnS * () 


yCJIOBHH nony*»?HHH 

A*P 

< 

A? 

1 0 
(24) 

AP 

(36) 

AP 

8 

(6) 

TepMoo6pa6oTaH b napax UHHKa 

0,5 aTM, 970° C, 60 q 

326.8 

(1.6) 

334,7 

335,4 
(0,5 ) 

336,1 

(0,6) 

337,0 

(0,6) 

06nyqeH 6bicTpUMH HettTpoHaMH 
A030tt 10 1 3 cm” 2 

326,8 

(1.2) 

334,7 


336,4 

(0,4) 

337.2 

(0,4) 

JlerHpoBaH ripn pocTe Mennio 
flo 10 “ 3 % 

326,4 

(1.2) 

334,3 

- 

- 








y CJIOBHH nOJiyHCHHH 

A» 

(48) 

A» 

6 

(8) 

4P 

(24) 

AP 

A 

(12) 

(24) 

TepMoo6pa6oTaH b napax UHHKa 

0,5 aTM, 970° C, 60 q 

338,3 

(0.6) 

339,3 

(0,6) 

342,3 

(1.5) 

345,8 

(2,2) 

- 

06nyqeH 6 mctplimh HeftTpoHaMH 
no3ott 10 13 cm” 2 

338,2 

(0,8) 

339,7 

(0,8) 

341,8 

(1,8) 

346,0 

(2,3) 


JlerHpoBaH npn pocTe Menwo 

no io- 3 % 

337,9 

(0,8) 

339,4 

(1,0) 

342,0 

(2.0) 

352,4 

(2,4) 

352,4 

(4.0) 


fl p h m e y a h h e, 06o3HaqeHHe nonoc coiipoBOHcaaeTCH yKa3aHHeM (b cKo 6 t<ax) nncjia 
3KHHB&neHTHbix nap; nojiyuiHpHHa nonoc npHBonuTCH b ckoGksx phaom c hx nonoxseHHCM . 


onpe^enHib ajih ochobhmx thiiob KHCJiopoiXHbix ueHTpoB, tskhx, KaK .4 P , A p , 
A p , A p s , 3naqeHHH 3HeprHH penaKcanHH (cm, Ta6n. 3,4) KaK paammy b cneK- 
TpajibHOM noJio>KeHHK nojioc 4" p h ,4 p BejinnnHa 3HeprHH penaKcauMM Moxæi 
6biTb nonyneHa h H3 cneKtpoB KaToaojnoMHHeciiieHUHH KaK paccioKHue Mexcjjy 
OT l ieTJIHBO BbIpaXCeHHbIMHMaKCHMyMaMHn0J10CbI>lg P H 6ec4>OHOHHOH KOMno- 
HeHTbi i4 p -cepHH (cm. pa3A. 3.6). Ilo Mepe yBejiHqeHHH 3HeprMM pejiaKcauHH b 
cneKTpax omexnHBo npoHBJiHeicH yimtpeHKe nonoc (cm. pnc. 3.7). B pe3ynbTa- 
Te nojiyiinipHHa y4 p -KOMnoHeHTbi AocTHraeT 1,5 km, a £UiR>l p -KOMiioHeHTbi npH- 
MepHo paBHa 2,5 hm. 3to cBHjxeiejibCTByeT o cymeciBeHHOM ycnjiemrø 3 kchtoh- 
c})OHOHHoro B3aHMoaeHcrBHH Ha TaKHx ueHTpax. 

YBejiHMeHHe KoHueHTpaixHH pacTBopeHKoro KMcnopona b o6pa3uax npw nem- 
pOBaHHH (MeAbK) HJIH TdJUlHeM) npHBOJIHT K nOHBJieHHK) B CneKTpax OTpa)KeHHH 
Han6o;iee anHHHOBOJiHOBOK KOMnoHeHTbi 351,6 353,0 hm h ocnaoneHHio no- 
;iOC A\ 0 -A% . 3tO aanee o6bHCHReiCR KOHLl.eHTpaUKOHHOH 3aBHCHMOCTblO Ha- 
6opa ueHTpoB. Flo aHanorKH co cneKTpoM GaP N (cm. pHc.3.1) nonoca oTpa- 
RCeHHH, OrpaHHHHBaromafl C HJlHHHOBOnHOBOH CTOpOHbl HaSjHOHaeMblH cneKTp 
nap Os—Os b KpaeBon o6jiacTH, nonacHa 6bnb oTHeceHa k /4 p -KOMnoHeHTe. 
B KaTOflOJTiOMHHecueHUHH TaKHX o6pa3uoB npeBannpyei nonoca ^4 P 368 hm, a 
nonoca A v 0 b hx cneKTpax OTpaxceHHH oGburno cjia6an H3-3a yMeHbiiieHHR koh- 
HeHTpauHH A 0 -ueHTpoB c pocTOM KOHueHTpauHH KHcnopofla. Ha pHc. 3.7 cepe- 
AHHa nojiocbi X p cooTBeTCTByeT crpenKe, nojio>KeHHe kotopoh onpeaejiHJiocb 
npw6nH3HTejibH0 no nonoaceHHio >1 hp -3kchtohhoh nojiocbi h 3HeprHH penaKca- 
UHH 3kchtohob Ha A 0 -ueHTpax. B 6o;ibmHHCTBe npyrHX cnynaeB .4 p -nonoca 
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He BbiHBJineicH H3-3a oojibLiioH pa^MbiToCTH ee, a flaeT Kpaii AonoJiHnre;ibHoro 
norjiomeHHH Ha cneKTporpaMMax, oonee KopOTKOBOJiHOBbifi, qeM b norjiome- 
hhh Tex >Ke o6pa3UOB. HocjieAHee o6«3aHO cjio>khoh 4>opMe no.noc orpa>KCHHH, 
iaK KaK Bee no;iocbi oTpaxæHHa, b tom qncne A Hp , A^ npencTaBJieHbi 
OAHHHOBOJIHOBblM MaKCHMyMOM H KOpOTKOBOJIHOBblM MMHHMYMOM (CM. 

pHC. 3.7), KaK h noJiocbi cboGoahoto 3KCHTOHa ZnS. CneKrp nornomeHHn A p 
paccMorpeH aanee b pa3A. 3.7. 

3.5. PEJIAKCMPOBAHHblE B03Ey>KÆEHHfl HA BjIHJKHHX 

H CPEflHHX KHCJIOPOAHblX nAPAX 

CpenHHe napbi. yBe.nHqeHHe coaepxcaHHH pacTBopeHHorO KHc;iopoaa b moho* 
KpHCTajmax ZnS c uejibio BbiHBJieHHH cneKTpa nap c MeHbiiiHMH paccTOHHHHMH 
MC3Kfly aTOMEMH KHCJIOpOfla OKaiaJTOCb B03M0>KHbIM B yCJlOBHHX THApOTep- 

MHJibHoro CHHTe3a b menoqHbix cpenax (cm. pa3A. 1.2 h 5.4). CoaepxcaHwe khc- 
:iopoa,a b TaKHx MOHOKpHCTajuiax no flaHHbiM aKTHBauHOHHoro aHajiH 3 a npno- 
.myKaeicH k npeneny pacTBopnMocTH ero b c^ajiepnTe (cm. pa3n. 1.4). OaHaKo, 
khk oyaeT »OKa3aHO HM>Ke. HccnenoBaHHH TMnwqHbix oGpajuoB rwapoTepMajib- 
‘mio cc^anepHia b pacipOBOM 3JieKTpoHHOM MHKpocKone He oOHapy/KHBaioT 
npwcyTCTBHH b hhx BbiAeneHHH BTopon (okchahoh) 4>a3bi. KoHneHipaunn jie~ 
fJ)CKroB ynaKOBKH, hbjihiouxhxch mcctom cerperaunn KHCJioj&Aa, b hhx TaK>Ke 
r»jiM3Ka k hvjik) KaK no AaHHbiM HccjieAOBaHHH ABynpejioMJieHHH, raK h crpyK- 
: > pHbix HCCJienoBaHHH [318]. 

PaccMQTpifM cneKTpbi KaTOAomoMMHecueHUHH raKHx o6pa3UOB. B hhx, KaK 
bhaho H3 pnc. 3.8, cymecTBeHHO ycHJiHBaeTCH, a npn onpeaeneHHbix ycjiOBHHx 
BbipamHBaHHH npeoOjiaaaeT nojioca 365 368 hm (KpHBan 1). flpKO BbipaxceHa 
i ti iokc ^4^ cepHfl H30JiHpoBaHHbix neHTpoB. 3KCMTOHHoe H3JiyqeHHe cJiaSoe, He- 
. MoipH Ha yciOBHH, 6iiaronpHHTHbie ahh pocTa coBepuieHHoro no cTpyKType 
/'{jjtjepitTa. 3to o6*fcHCHHeTCH cHjibHbiM JierwpoBaHHeM KpHCTannoB KHcnopo- 
. io m [205], ycHJieKHe nonocbi H3nyqeHHH 368 hm conpoBoaotaeTCH bo 3 Hhkho- 
Bt nneM peiKoro Kpan uononHHTe ji bHoro noraomeHHH npw 350 353 hm, coBna- 
uHJinero c HanSonee ajihhhobojihoboh KOMnoHeHTOH y3KOJiHHenqaToro ciickt- 
{ >ii oTpa^KCHHH 351,7—352,7 (3,0) hm (cm. pnc. 3.7, Ta6ji. 3.2 h 3.4) . 3Ta nono- 
-;a b OTpaxceHHH HaGmonaeTCH ranbKO b cnyqanx ycHJieHHH nojiocbi KaTOAOJiio- 
MMHecueHUHH 368 hm c B03pacTaHHeM b o6pa3uax KOHuenTpaiiMH pacTBopeH- 
Moro KHcnopona. ConocTaBnaa 3TH 3 KcnepHMeHTanbHbie pe3yjibTarbi c Mouenbio 
nempa a30Ta b GaP • N (cm. pnc. 3.1, ø), moxcho nonararb, qTO HaGmonaeMan 
‘lanGonee AJiHHHOBOJiHOBaH KOMnoHeHTa KpaeBoro cneKTpa KHcnopona b ZnS 
ooiBercTByeT j4 3 -ueHTpaM, hjih cpeaHHM Og -Os-napaM. K TaKOMy xce bmbo 
iv npHBOAHT opweHTHpoBoqHbiH pacqeT (MeTonoM noAo6Hn) cneKTpa khcjio- 
poiXHbix noByineK B036y>KfleHHH b ZnS no H3BecTHOMy cneKTpy GaP • N h H3- 
HeCTHOH H3 3KCnepHMCHTa 3HeprHH peJiaKCaUHH 3KCHTOHa Ha KHCJTOpOAHblX A 0 - 
uoHTpax b ZnS. llonoxceHHe nonoc ^4^ nojiyqeHHoe no cneKTpaM oTpa- 

>KeHHH, onpenejiHeT 3Heprmo penaKcauHH 3 KCHTOHa b ZnS na cpenHHX napax. 

CymecTBeHHoe (0,15 3B) zyiHHHOBOJiHOBoe CMemeHHe MaKcHMyMa nonocbi 
h *;iyqeHHH (365-368 hm) no cpaBHeHHio c OTpaaceHHeM (353 hm) cBH 3 ano, 
MMCBHAHO, C BKnaflOM (J)OHOHHbIX COCTaBJlHrølUHX, pojlb KOTOpblX CTaHOBHTCH 
HCHOH H3 pHC. 3.2. KaK BHAHO H3 pHC. 3.3,5, B CHCTeMe ZnS . Te CTOKCOB CABHT 
h' p - U p , cooTBeTCTByrømHH 3HepreTHqecKOH pa3HHue b cneKTpaJibHOM nono>Ke- 
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'hc. 3.8. CneKTpbi k aT oao jtiomhh ecueH uhh MaTpHixbi ( 1 , 2) h BbiaejieHHfl (i), cHHTbie b 
'3M npH 100 K, meJioHHoro nmpoTepMajibHoro c(J>ajiepHTa, BbipauieHHoro npH KOHueHTpa- 
LHH KOH. paBHoft 10 (1) H 30% (2, S) 


■iHM nOJIOCbl B036y5KfleHHH H H3JiyqeHHH, ftaxce HeeKOJIbKO GOJIbUie, qeM B 

ZnS ■ O, mo cneflyeT h H3 pa3HHUbi 3JieKTp00TpHuaieJibH0CTeH Te, OhS hjih hx 
3(J)(J)eKTHBHbIX paflHycoB (cm. Ta6JI. 3.1). 

PaccMaipHBaH cneKTp cpeAHHx nap KHcnopojjHbix JioBymeK B036y>KfleHHH b 
ZnS, cneflyeT OTMeTMTb, hto ohh npeHMymecTBeHHO o6pa3yrøTCH, Kor^a b ZnS 
npHcyicTByioT aKuemopbi I rpynnbi [205, 206]. B qacTHocTH, pocT ZnS b rwA- 
poTepMajibHbix meJioqHbix cpe^ax conpoBO>KAaeTCH JierHpOBaHHeM KanneM 
Ao 8. 10 18 cm~ 3 [183, 205]. KajiHH, no-BHOTMOMy, cnocoOcTByeT h yBeiiH- 
qeHHio coAepxcaHHH pacTBopeHHoro KHCJiopoAa b rHApoTepMajibHbix ”menoq- 
Hbix” c^ajiepHiax. 3aMemaa ahhk b y3Jiax peineiKM h hmch 3(})4)eKTMBHbiH pa- 
AHyc 6ojibine 3aMemaeMoro KaTHOHa (r K = 0,125 hm; r Zn = 0,078 hm npn 
KOOpflHHailHOHHOM MHCJie 4) , K3JIHH Tpe6yeT KOMneHeaUHH fle(})OpaMaUHH C>Ka- 
thh. Ycjiobhh rHflpoTepMaJibHoro cHHTe3a b KOH oOecneqHBaioT npHcyTCTBHe 
KHcnopona y (J>poHTa KpHciannioaiuiH KaK oahoh H3 ochobhmx npHMecefi 
(cm. pa3fl. 5.4). B CBH3H C 3THM BeCBMa BepOHTeH COBMeCTHblH 3aXBaT KHCJTO- 
po^a h KajiHH H3 pacTBopa npn pocie KpncTajuia. Cy ah no paccMOTpeHHOMy 
Bbiine H3MeHeHHK) cneKTpoB, b npHcyTCTBHH KajiHH, KaK h MeflH [205, 206], 
ycHJiHBaioTCH b pe3yJibTaie coaKTHBaiiHH KncnopoAOM nonocbi napHbix 
Os—Os-ueHTpOB c nepepacnpeaejieHHeM hht6Hchbhocth b nonb3y cpeAHHx 
nap, ho He 6jih>khhx. 3to MOxceT 6biTb oOiflcHeHo KynoHO bckhm B3aHMOaencT- 

BHCM K3JIHH H KHCJlOpOfla, nOCKOJlbKy Kz n 3apH>KeH OTpHliaieJIbHO H KHCJTOpO- 
Ay TaKHce moxcho npHnHcaTb 3(j)<i>eKTHBHbiH OTpHuaTenbHbiH 3apHA b cHJiy to- 
ro, mo b pemeTKe oh hbjihctch aKuemopoM. YpaBHOBenmBaHHe chji npHTH- 
MceHHH, AeiicTByiomHx npn o6t>cmhoh KOMneHcaunn, h chji KyjiOHOBCKoro 
OTTajiKHBaHHH, no-BHAHMOMy, cnocoOcTByei o6pa30BaHHio cpejmnx nap khcjio- 
ppAa BOKpyr Kz n (BBeAeHne KHCJiopoAa c flOHopHOH npHMecbio b ZnS, kbk 
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Phc. 3.9. MHKpo<J)OTorpa<})HH rHflpoTepMajibHbix menoMHbix c^ajiepmoB, cHHTbie b MHH-4 
(a) h P3M (0, e ) 

Unc^pbi o6o3Ha^aK)T MHKpoy^acTKH, cneKTpw kotopwx npeflCTaBJieHbi cooTBeTCTByio- 
lhhmh KpHBbiMH 2 h 3 nå phc. 3.8; e — MHKpoy^acTOK 3 b yBejnraeHHOM BHae; yBemroe- 
HHA — 50 {a, 6) h 130 (e) 


Gyflei noKa3aHO b pa3fl. 5.5, npHBOflHT k npeHMymecTBeHiioi^ pacriono>KeHHK> 
O s -ueHTpoB b 6 JiH>KaHiiiMx y3nax pemeiKH h <J)opMHpoBaHflK> 6 jih>khhx nap. 
He HCKJiioqeHO npn 3 TOm, mo b o6ohx cnyqanx npHMecb HecKOJibKO HCKa>KaeT 
CIieKTp napHblX KHCHOpOflHblX ueHTpoB). 

B noflTBep>KfleHHe bhhhhhh KajiHH Ha Kon^necTBO BBOflHMOro KHcnopona 
b ZnS mo>kho npHBecTH pe 3 yJibTaTbi nccneflOBaHHH onTHnecKHx cbohctb mo- 
HOKpHcianjioB rHjxpoTepMajibHbix ”menonHbix ,> c4>anepHTOB, BbipameHHbix 
npw pa3JiHHHbix KOHueHTpauHHx KOH. YBenmeHue KOHU.eHTpau.HH pacTBOpH- 
renn KOH cymecTBeHHO bjihhøt Ha pacTBOpHMOdb ZnS b jkhakoh 4>a3e, no- 
CTaBJiHiouxeH uhhk- h cepocoflep^KamHe paflHKanbi k 4>poHTy KpHCTajuiH3aiiHH. 
HenocTaTOK hx npn Majibix KOHueHTpauHHx KOH (nopnflKa 10%) BefleT k 3 a- 
xBaTy pacTymHM k pHCTan jiom KajiHH h KHCJiopozia H3 pacTBopa, mo noflTBep>K- 
naeTCH naHHbiMH cneKTpajibHoro h aKTHBau,HOHHoro aHanH30B. noBbimeHHe 
pacTBopHMOCTH ZnS npn 30%-hoh KOHueHTpaurøi KOH oOecneqHBaeT yBejiH- 
qeHHe cKopocTH pocia h yjiyqmeHHe cieneHH coBepmeHcTBa c<J>anepHTa. OflHaKO 
npn 3tom, cornacHO flnarpaMMe paBHOBecHH (J)a3, co3flaioTCH ycnoBHH jxjih cob- 
MecTHOH KpHciajiJiH3auHH ZnO b omenbHbix fle<])eKTHbix ymcTKax cynb<])Hfla 
UHHKa. BbifleJieHHH 4>a3bi ZnO mo>kho o6Hapy>KHTb b nojiHpH3auHOHHOM MHKpo- 
cKone: npn CKpemeHHbix hhkojihx HaOnioflaioTCH flBynpenoMnnioiHHe ynacTKH 
Ha 4>oHe H30TponHOH MaipHUbi (pnc. 3,9 ,a) . MccneflOBaHHH b pacipoBOM aneicr- 
poHHOM MHKpocKone noflTBep^KflaioT HaJiHMHe BbifleneHHH 4>a3bi ZnO npw 
[KOH] > 30%, a TaiOKe oflHopoflHOdb c<])anepHTOB, BbipameHHbix npn no- 
HH)KeHHbIX KOHUeHTpaUHHX KOH. 

MccneflOBaHHH KaTOflomoMHHecueHflHH ynacTKOB THflpoTepManbHbix c4>a- 
nepHTOB c npeflnonaraeMbiMH BbifleneHHHMH ZnO-4>a3bi noKa3anH, mto Bbi- 
naflaiomaH H3 ZnS <J>a3a o6Hapy>KHBaeT He nonocbi cBoOoflHoro 3 KCHTOHa 
ZnO hhh ero (Jjohohhhx noBTopoB b o6nacTH 370—375 hm [288] , a SAL-no- 
nocy 395 hm (cm. pwc. 3.8, KpHBan 3) . CornacHO flaHHbiM pa3fl. 4.4, nonoca 
395 hm o6n3aHa ZnO • S hhh KnaciepaM KHcnopofla b ZnS. TaKHM o6pa30M, 
b omHMHe ot cneKTpa MaipHflbi flnn BbiflenmomerocH H3 ZnS c h36htkom 
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Phc. 3.10. CneKipw <t>oTojiK)MHHecueHunH npw 80 K nopouiKOB ZnS ■ O, TepMoo6pa6oTaH- 
Hbix b napax uhhk 3 npn pa3Hbix TeMnepaTypax (a) h jxaBJieHHHX (6,e), h 3aBHCHMocxb hh- 
TeHCHBHOCTM CHHeft IIOJIOCI»! OT KOHUeHTpaUHH paCTBOpeHHOro KHCHOpOfla (a) 

Uii^pbi y KpHBbix cooTBeTCTByroT TeMnepaTypaM (b ° C) ( a ) h naBJieHHHM napoB umh- 
Ka (b aTM) ( 6 , e) ; tomkh 1 onpeaejinnncb no napaMeTpy a , tomkh 2 - noe (a) 


cepbi OKCMjia He xapaKTepHa nonoca 368 hm. nojioca 368 hm npHcyma TBepno- 
My paciBopy ZnS • 0, KaK 3 to 6bino noKa3aHO erne b pa6oie [155], a no Ha- 
IITHM 3KenepHMeHT3JlbHblM JjaHHblM, nOJlOCa KaTOflOJIIOMHHecUeHUHH 368 HM MO- 
)Kei 6biTb HHiepnpempOBaHa KaK ;4§-KOMnoHeHTa cneKTpa KHcnopo,nHbix jio- 
ByuieK b cyjib(J)HAe UHHKa (cm. Ta6ji. 3.4). 

EjiHxofHe napw. fljia nonyqeHHH cneKTpa 6 j1H)khhx nap Mbi BOcnojib30BajiHCb 
nopoiiiKOBbiMH npenapaiaMH, TaK KaK Ha MOHOKpHCTamiax, KOTOpbie npn Hop- 
MaJIbHblX yCJIOBHHX CTaØHJIbHbl B OCHOBHOM B <})OpMe C(}>aJiepHTa, yBeJIHHHTb 
KOHueHTpauHio pacTBOpeHHoro KHCJiopofta npw pocie hjih TepMOo6pa6oTKOH 
6e3 cymecTBeHHoro HapyrneHua hx CTpyKTypbi OKa3anocb HeB03MO>KHbiM. 
IlpeHMymeCTBO nopOllIKOB B 3TOM OTHOineHHH COCTOHT B tom, HTO OTH HHX 
bo3mo>kho nony^HTb reKcaroHajibHyio MOOT(}>HKauHK>, HMeiomyio 6onee Bbico- 
Kyio paCTBOpHMOCTb KHCJTOpOfta. KpOMe TOTO, paCTBOpeHHK) KHCJlOpOfla B no- 
pouiKax b BHfle Os cnoco6cTByeT OTcyTCTBHe Hanpn>KeHHH, flHCJioKaiiHH b Ma- 
Jibix 3epHax h cHJibHo pa3BHTan noBepxHOCTb. 
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Tad/iui^a 3.3 3aeHCUMocTb HHTeHCHBHocTH CHHeii JiiOMHHecueHmiH 2 H ZnS 
ot coaepncaHHfi pacTBO peHHoro KHCjiopoaa 


UaBJieHne 
napoB UHHKa, 

stm 

Hhtchchb- 
HOCTb niOMHHeC- 
HeHUHH, % 

FlapaMeTpbi pemeTKH, hm 

[Oc] , MOJl.% 


a 

c 

no a 

no r 

4 

100 

0.38200 

0,62490 

1.07 

1,18 

5 

88 

0,38207 

0.62503 

0.93 

1,06 

3 

77 

0.38210 

0,62519 

0,90 

0,90 

1 

46 

0,38207 

0,62542 

0,69 

0,69 

0.5 

37 

0,38224 

0,62548 

0,65 

0.63 

0,2 

26 

0,38227 

0.62555 

0.58 

0,56 



0,38260 

0,62615 

0 

0 


JlerHpoBaHHbie KHCJiopoflOM noponiKH ZnS Mbi nojiyqajw H3 6oraioro 
KHOIOpOflOM HCXOUHOrO ZnS MapKH ”aJ 1H nKJMHHOcJjOpOB’' nyTCM npOKaJIKH 
» napax UMHKa c nocneziyiomeH 3aKaJiKOH. CornacHO nnarpaMMaM BaH-ryna 
(cm, pnc. 1.16), Heo6xoaHMoe win npeneJibHOro HacbinxeHHB ZnS KHCJiopOAOM 
LaBneHHe Pq 2 mchhøtch Ha 11 noprøKOB npw 1500 K c H3MeHeHHeM paBHOBec- 
hoio naBJieHHH KOMnoHeHTOB b napoBOH 4>a3e (Pz n ) B .je3yjibTaTe 3Toro 
ZnS /io/DKeH TepHTb 3HaqHTeJibHyio qacTb KHCJiopojia npw paBHOBecHOM otxchtø 
b napax cepbi, h HaoSopoT, oOoramaibCH 3 toh npHMecbio no npeaeaa pacTBO- 
pnMocTH npH TepMOo6pa6oTKe b napax uhhk 3, McxojiHbie nopoiiiKH, k3k npa- 
bhjio, corjepxcanH Heo6xo£HMbiH ana 3Toro KHCJiopon c H36biTKOM [174]. Jlna 
ocBoOoKaeHHH t3khx npenapaiOB ot JieiyqHx KOMnoHeHTOB h Bonbi hx o6pa- 
OaibiBaJiH b BaKyyMe npn 700°C b TeqeHHe 2 q. B pe3yjibTaie nojiyqajiH nopo- 
moK c(f)ajTepHTa c pa3MepOM 3epeH 1—2 mkm (nopomoK II THna). 06mee co- 
;iep>KaHHe KHCJiopona b hcm cornacHO naHHbiM aKTHBaiiHOHHoro aHajiH3a 6btno 
nopnuKa 2%. KoHueHTpaiiHfl pacTBopeHHoro KHcnopona cocTaBnnJia 0,3- 
0,6 MOJI.% (no naHHblM peHTreHOCTpyKTypHblX HCCJienOBaHHH) , MTO 6JIH3KO 
k npeneJibHOH pacTBOpHMOCTH ero b ctjjajrepHTe npH TeMnepaiype OTHcnra 
(cm. pHC. 1.15). 

y npoKaneHHbix b napax UHHKa nopouncoB II rana ynce npn hh3khx naBJie- 
mhhx Pz n ^ 0,2—0,5 aTM B03HHKaeT npw 80 K HHTeHCHBHan noiroca H3Jiyqe- 
hhh c MaKcHMyMOM 420—435 hm (pHC. 3.10, fl-#). 3ia nonoca cymecTBeHHO 
vcHJiHBaeTCH c aaBJieHHeM napoB uhhk 3 npw nocTOHHHoft TeMnepaType npoKaji- 
kh KaK mn 2H ZnS (e), TaK h njw 3CZnS (6). IlpH yBenHqeHHH TeMnepa- 
ivpbi npoKajiKH npH nocTOHHHOM naBJieHHH napoB uhhk 3, Korzxa bo3mo>kho 
vBenHMeHHe pacTBOpHMOCTH KHcnopona b ZnS c xeMnepaiypoH, TaKxce OTMe- 
laeiCH pocT HHTeHCHBHocTH chhch nojiocbi (fl). M3JiyqeHHe b oOnacTH KpaeBo- 
io cneKTpa npenciaBJieHo nnn t3khx o6pa3UOB umpoicoH nonocoH c m3kch- 
MyMOM 350—355 hm (e), a 3 kchtohho 6-eBeqeHHe hjih hhx ne HaGnrønaeTCH. 
PeHTreHOCTpyKTypHbiH aHajiH3 t3khx o6pa3uoB noKa3biBaei, mo bo Bcex cny- 
•iaax c HHTeHCHBHOdbK) chhøh nonocbi KoppenHpyeT conøp>KaHHø pacTBOpøH- 
noro KHCJiopona (Ta6n. 3.3). 

KoHueHTpauHH pacTBopeHHoro b ZnS KHCJiopona no H3MeHeHHio napaMøT- 
poB pemeTKH Bjopirøra ane onpenennnaeb H3 coothohiøhhh (1.11) no møto- 
:ihkø [157]. IlorpeiiiHocTb b hx onpøfløneHHH paBHa: ± A a ~ 4 .10" 5 h ±A c- 
- (1-2) • 10“ 5 hm. 
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*nc. 3.11. BjiHHHHe nocneflOBaTentHoro oTOKHra npH 1100°C b napax komiiohchtob Ha 
meKTpbi c|)OTOJiK)MHHecueHuHH nopouiKOB ZnS • O H Twna npH 80 K 

a — TepMoo6pa6oTKa b napax cepw npH 2 aTM (i) c nocnenyiomeH o6pa6oTKo£i b na- 
>ax uHHKa rrpM 1 (2), 2 (3) h 5 aTM (4); 6 - TepMoo6pa6oTKa b napax uhhk3 npH 2 aTM 
(7) c nocnenyiomeH o6pa6oTKoH b napax cepbi npn 0,5 (2) h 6 aTM (3) 


B Ta6n. 3.3. npHBeneHbi naHHbie no H3MeHeHHio napaMeTpoB peineTKH napTHH 
reKcaroHaJibHbix noponiKOB ZnS, npoKajieHHbix npn 1100°C h pa3JiHqHbix 
naBneHHax napoB UHHKa. HHTeHCHBHOCTb cnneH nojiocbi onpe/ieneHa H3 cneKT- 
poB (JjOTOniOMHHecueHUHH (X bo36 = 313,2 hm) npHMepHO b o#hom h tom tkq 
cneKTpanbHOM HHTepBane. B Ta6n. 3.3. HHTeHCHBHOCTb naHa b OTHOCHieJibHbix 
enHHHnax (%) no othouichuk) k MaKCHMajibHOMy ee 3HaqeHHio o6pa3ua, 
nojiyqeHHoro npn P Zn = 4 aTM. KaK bkoho H3 TaOJiHUw, HHTeHCHBHOCTb cHHero 
CBeqeHHH c poctom naBJieHHH napoB UHHKa nocnenoBaiejibHO B03paciaeT h 
conpoBOKZiaeTCH yMeHbineHHeM napaMexpOB pemeTKH. 3aBHCHMOdb HHTeHCHB- 
hocth CHHero cBeqeHHH ot [O s ] npeflcraBJieHa Ha pnc. 3.10^. CornacHO 3TOMy 
pHCyHKy, HHTeHCHBHOCTb CKHeH nOJIOCbl 3aBHCHT JIHHeHHO OT KOHU,eHTpailHH 
paCTBOpeHHOTO KHCJlOpOAa B ZnS. ripH 3TOM 3KCTpanOJlHUHH 3aBHCHMOCTH 
7~[0 S ] K HyJieBblM BeJTHHHHaM HHTeHCHBHOCTH fl aCT 3HaqeHHe KOHUeHTpaUHH 
pacTBopeHHoro KHCJiopona, otnHqaiomeecH ot hvjth. TaKHM o6pa30M, cHHee 
cBeqeHHe B03HHKaeT TOJibKo b o6pa3uax c bwcokoh KOHueHTpauHeH pacTBo- 
peHHoro KHcnopo^a, b naHHOM cnyqae > 0,4 moji.%. 3th 3KcnepKMeHTajib- 
Hbie pe3ynbTaTbi xopoiuo comacyioTCH c TeopeTHqecKHM pacqeTOM (cm. «na- 
Jiee pnc. 3.15). 3aMeTHM, qTO c yBenHqeHKeM conepMcaHHH KHCJiopofla b ZnS 
ot 10 19 flo 4 • 10 20 cm~ 3 He HaOJirøflaeTCH KOHiieHTpaiiHOHHoe rameHHe nojiocbi, 
qTO THnnqHO flnn cneKTpoB H303JieKTp0HHbix JioBymeK B036y>K£eHHH. 

npoKajiKa b napax cepw yMeHbinaeT KOJinqecTBO pacTBopeHHoro b ZnS 
KHCJiopona h pe3Ko racHT chhkjio nonocy v>Ke npH naBJieHHH napoB cepw 
0,5 aTM (pnc. 3.11,6), Korna peHTreHOCTpy kT ypHwe HccneflOBaHHH noATBep>K- 
naioT yMeHbineHHe KOHiieHTpauHH KHCJiopona b y3Jiax peineTKH. 

IIpH CHJibHOM nernpoBaHHH KHcnoponoM c uenbio nonyqeHHH CHHero cBeqe- 
hhh Han6onee OTqeTJiHBO bwhbjihiotch cjioxchocth BBeAennn 3 Tok npHMecn 
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Phc. 3.12. CneKTpbi H3JiyHeHHH (7, 2) h B036yMCAeHHs (3, 4) 27/ZnS • O nm noJioc 
340 h 367,5 hm (a) u CHHefl nojiocbi (6) 

OSpaaubi nojiy^eHbi TepMoo6pa6oTKoH npw 1200 °C; nepBbiH — b HacbimeHHbix na¬ 
pax ZnS ( a t KpHBbie 1—4 h 6 , KpHBbie 2, 4 ), btopoh — b napax uhhkb ( 6 , KpHBbie l t 3 ) 


b ZnS. 0Ka3ajiocb, mo Kncnopon mo>kho bbccth b y3Jiti pemeTKH He bchko- 
io cyjib(})HAa UHHKa. HanpHMep, nocJie aMnyjibHOH TepMOo6f^6oTKH ncxoAHbix 
MeiiKonHcnepcHbix nopouiKOB II THna b napax cepbi AaHHbie aKTHBauHOHHoro 
anajiH3a cBHneiejibCTByioT o tom, mo conepwaHHe KHCJiopoaa b hhx MO>xeT 
GbiTb 3HaqHTeJibHbiM (0,3—0,5 moji.%). OAHaKO b cneKTpax JirøMHHecueHUHH 
OTcyxcTByei cHHee cBeqeHHe (cm. pnc. 3, 11,o, Kprøan 7). Bonee Toro, nocne- 
ixyiomaB xepMOo6pa6oTKa b napax UHHKa TaKHx nopouiKOB (3aKpHCTannH30BaB- 
uiHxch npn HiObUKe cepbi) He nepeBOAHT noJiHCCTbio KHcnopoA b y3Jibi pemeT¬ 
KH b cneKTpax JiioMHHecueHUHH (pHc. 3.11,c, KpHBbie 2,3) chhhh nonoca 
\oia h noHBJiHCTcn, ho HHTeHCHBKOCTb ee MCHbme, qeM no ene t3koh xce o6pa- 
OOIKH HCXOAHblX nOpOUKCOB (CM. pHC. 3.11,0, KpHBaH 7). 3 tO CBH 3 aH 0 KaK 
i MenbiiiHM KOJinnecTBOM KHCJiopOAa b hhx, TaK h c B03M0)KH0CTbK) nepexoAa 
KnenopOAa b MOKV 3 JIHH. Ilo-BHflHMOMy, H3MeneHHe npH npoKajiKe b cepe THna 
^oOcTBeiiHbix ToqeqHbix Ae^eKTOB b Maipnue (cm. puc. 1.9) He AonycKaeT 
BO JHHKHOBeHHH KHCJIOpOflHblX UeHTpOB Os, Os~Os* B 3THX CJiyqaHX pa3BHBaeT- 
cp jeneHoe KHcnopoAHoe cBeqeHHe (cm. pnc. 3.11,a, KpHBbie 2—4). Bonpoc 
>tot 6onee nonpoOHo oOcyxcAaeTcfl b pa3A. 4.1. Ecjih MOHOKpncTajuibi k noporn- 
<n l inna nonyqeHbi npn P 5HC (cm. pwc. 1.9), to TepMOo6pa6oTKOH b napax 
jiHHKa Aa^ce npn AoOaBKax ZnO Toxce ne yAaeTCH bbccth KHcnopOA b y3Jibi 
peirieTKH H AOGHTbCfl pa3BHTHH CHHero CBeqeHHfl. 

TaKHM 06pa30M, H36bIT0qHblH AHHK B ZnS, XOTH H He HBJiaeTCH npHqHHOH 
B03HHKH0BeHHB CHHero cBeqeHHH, K3K npeAnojiaraiiocb paHee b pHAe paOoT 
fl 16, 174, 272, 279, 284], ho cnocoOcTByeT paaBHTHio ennero cBeqeHHH. 3 to 
noATBep>KAaeTCH h namibiMH nocJieAHen pa6oTbi [211]. Bo3HHKHOBeHne chhc- 
"O cBeqeHHH cBH3aHO npex<Ae Bcero c oøpaaoBaHHeM BaKancHH cepbi b ZnS, 
'{to oOnerqaeT BxoxcAeHHe KHcnopoAa b y3Jibi pemeTKH. KpoMe toto, H3yqeHHe 
paBHOBecHH co6cTBeHHbix ToqeqHbix AecJieKTOB b ZnS (cm. pa3A* 1*3) noKa3a- 
;to, mto npn OonbmHx H36bixoqHbix AaBJieHHHX napOB UHHKa b cyjib(})HAe UHHKa 
303HHKaeT Me>Ky3eJibHbiH ahhk Zn/,KOTopbiH BbiabiBaeT H3MeHeHHe oOBeMa 
KpHCTajuiHiiecKOH pemeTKH. noBbimeHHan paeTBopKMoeTb KHcnopoAa Os b 
ZnS b npHcyicTBHH H36biToqnoro UHHKa B03M0xcHa, noTOMy qTO o6a Ae4)eKTa 
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B33HMHO KOMneHCHpyrøT BHOCHMbie HMH rxerJ)OpM3UHH. 3TO 0 C 06 CHHU B3XCHO 

npH o6pa30BaHHH SjiHHcaihuMx Os Os-ueHTpoB, ciiJibHO .ae^opMHpyjoiiiHx 
pemeiKy. 

Ilo MHOroMHcneHHbiM 3KcnepMMeHiajibHbiM naHHbiM, h b qacTHOCTH [153, 
208] , a TaioKe no pe3yJibiaTaM hohhoh HMnnaHTarøH KHCJiopoaa b ZnS (cm. 
pa3A. 4.4), chhhh nonoca hbjihctch HaHOonee jxjihhhobojihoboh KOMnonen- 
toh cneKTpa KHcnopoaHbix JTOBymeK B036y>KfleHHM b ZnS. TaKHM o6pa30M, 
CHHee cBeqeHHe 420-430 hm caMoaKTHBHpoBaHHOro ZnS 06 H 33 H 0 6jih>khhm 
napaM Os -0$. 3th napbi Aj h A 2 b cipyKType cyjib^røa iXHHKa peajiH3yK>T- 
ch b npeAenax nepBoii h ETopow KOopaKHaiuiOHHbix c(J)ep, pazjHycbi KOiopbix 
Mano OTJinqaioTCH (cm. Taon. 3.4). PacHCT no aHajiorHH co cneKTpoM GaP • N 
no3BOjiHei npeOTOJio>KHTb, mo 3HepreTHqecKan pa 3 Hmja Mexcay A\-A\ -ypOB- 
hhmh nopH^xa 0,04 aB. flocKOJibKy royøOKHe A 1>2 -ueHTpbi 6onee aKTHBHO 
B3aHMoneHCTByioT c Kone6aHMBMH peineTKH, qeM nempbi A 0 —A 3j to MaK- 
CHMyM CHHen A i 2 -nonocbi, KOTOpbiH onpeuejineTCH (Jjohohhwmh caienjiHTa- 
MH, flOnxæH 6bHb CymeCTBeHHO C^BHHyT B ÆJlHHHOBOJIHOByK) CTOpOHy OTHO- 
cHTenbHO 6ec4>OHOHHOH nojiocbi E 0 . FIoJiO)KeHHe E 0 . cooTBercTByiomeH Aj 2 - 
ueHTpaM, mo^kho onpenenHTb KaK ocb ewMMeTpHH cneKTpoB imyqeHHH h 
B036y>xaeHHH oflHoro h Toro Hce ueHTpa [309], nocKonbKy no (JjopMe cncKT- 
pbl H3JiyMeHHH H B036yXCJieHHH H303JieKTp0HHbIX UeHTpOB 3epKaJlbHO CHMMeT- 
pHHHbi (cm. pHc. 3.2 h 3.3,5). ConocTaBJieHwe cneKTpoB B036y>KaeHHH h H 3 Jiy- 
qeHHH no3BOJineT onpenenHTb nonoaceHHe 6ec4>o hohhoh nojiocbi E 0 na>xe b 
tom cJiyqae, ecnn OHa OTcyTCTByeT b cneKTpax nornomeHHH h JiioMHHecueH- 
UHH H3-3a CHJIbHOrO 3KCHTOH-(j)OHOHHOrO B33HMOneHCTBHfl. 

PaccMOTpeHHbin MeToa onpeaeJieHHB E 0 6bin npoBepeH hbmh ohh pa3Hbix 
KHCJiopoflHbix nonoc H3JiyqeHHH. TaK, Ha puc. 3.12 ,a npnBeneHbi naHHbie n/in 
nonocbi A$ (367,5 hm) h npeo6nanaiomeH nojiocbi KpaeBoro cneKTpa A P j 
(340 hm). IlojiyMeHHoe 3HaqeHne Eq = 3,52 3B (352 hm) jxhh nonocbi A$ oKa- 
3ajiocb b yaoBJieTBOpHTenbHOM cornacHH c 3HeprHefi, onpeaeneHHon n/in 3toh 
> xe nojiocbi H3 cneKTpoB oTpa>KeHHH. 3HaqeHHe E f 0 = 3,69 3B (336 hm) coBna- 
naeT no 3HeprHHM c HanGonee hhtøhchbhoh A? -komhohchtoh cneKTpa 2 H ZnS 
(CM. TaSJI. 3.4) . TaKHM 06pa30M, 3TOT MeTOJT OKa3bIB3eTCH BeCbMa 3(j)(J)eKTHB- 
HblM AJ1H OpHeHTHpOBOMHOH OUCHKH E 0 H HfleHTH(}>HKaUHH OT/jenbHblX nOJIOC 
cneKTpa H3JiyqeHHH ZnS • O. 

JIjih noponiKOBbix npenapaTOB ZnS * O c BecbMa HHTeHCHBHbiM chhhm 
CB eqeHHeM Ha pwc. 3.12, 6 npHBeaeHbi cneKTpbi n3nyqeHHH npH 80Kw B036ya<- 
AeHHH ziByx o6pa3UOB 2 H ZnS • O. CornacHo pwcyHKy, noJionceHHe 6 øc(J)Ohoh- 
hoh nojiocbi Eq cooTBøTCTByeT jjnana30Hy 3,3—3,2 aB. HeGonbinaa TonHoCTb 
ycTaHOBJieHHH 3HaneHHB E 0 CBH3aHa c TeM, mo cneKTp B036y>KfleHHH b oGnacm 
AnnHHOBGJiHOBoro Kpaa MO>KeT 5biTb HejJieMCHTapHbiM, KaK h cneKTp H3Jiyqe- 
hhh ann KopoTKOBonHGBoro cnana noJiocw 4>oTOJirøMHHecueHUHH. 3 to ocjiojk- 
HHeT nocTpoenne, ocoGeHHo b npHcyTCTBHH okchahmx BbmeJieHHH hjih paannq- 
Hbix rpynn KHcnopoAHbix ixeHTpOB. IIo3TOMy mbi nonwTajiHCb BbiAeJiHTb oTAenb- 
Hbie nonocbi 6 jih>khhx nap b norjiomeHHM. B paSoTe [155] HaGjiioAajiocb Hano- 
pouiKOBbix npenapaTax HeJierHpoBaHHoro ZnS co cTpyKTypoii Brøpiura pa3Hoe 
noJioxceHHe Kpan a6cop6imH 381 h 391 hm (77 K) npH nepexofle ot ZnS, co- 
«epxcamero 2 moji. % ZnO, k ZnS c 1 moji. % ZnO. HccneAOBaHHe cneKTpoB 
nornomeHHH ahb KyøwqecKHX MOHOKpHCTajuioB, oGjiyqeHHbix HeHTpoHaMH ao- 
3aMH 10 17 cm" 2 , KOTT# OCymeCTBJIHeTCH flOnonHHTeJIbHan aKTHBaimn ZnS KHC- 
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nopoAOM, a ZnO - cepon 1199J, noKa3ajio npHcyrcTBMe y3KHX nojioc norno' 
meHHa b 3toh o6nacm cneKTpa. Ha 4>one cjiojkhoh crpyKTypbi cneKTpoB 
nponycKaHHH mohcho BbmenHTb ose Gjihsko pacnono>KeHHbie KOMnoHeHTbi: 
384,0 h 380,0 hm npH 77 K. 3th nonocbi ycitnHBaioT ch c poctom ao3bi HewTpo- 
hob ot 10 17 no 10 18 cm~ 2 . BeJiHHHHa 3HepreTHMecKoro 3a3opa MOKjjy KOMno- 
HeHTaMH Ha&nonaeMoro flyGneia 0,033 dB cooTBeTCTByeT oxomaeMOH [292] 
BeiiHHHHe pacmenjieHHH /lf-i4^KOMnoHeHT cneKTpa &ih>khhx nap. B H3Jiywe- 
hhh ohh, o^eBHOTO, nepeKpbmaiorcH. 

rioJiyMeHHoe no 3 thm naHHbiM 3HaneHHe E 0 ahh 6nn>KaHiHHx Os—Os -nap 
b ccfjajiepnTe npHBeaeHo b Ta6n. 3.4. CneKTp nornomeHHH /4 p -ueHTpaMH npn- 
BeaeH b pa3a. 3.7. 

3.6. 3HEPrETMHECKAH MOflEJIb CTIEKTPA 

PEJIAKCHPOBAHHblX COCTOHHHfl HA KHCJlOPOAHblX UEHTPAX B ZnS 

rionyqeHHbie 3KcnepHMeHTanbHbie aaHHbie no3BOHflioT oxapaKiepH30BaTb 
cneKTpbi JiioMHHecueHUHH h nornomeHHH (oTpa>KeHHH) KHcnoponHbix noBy- 
liieK b cy;ib(J)Hae uhhk3, T.e. naib o6mee hmcho jihhhh h hx 3HepreTHHecKoe 
nonoxceKHe. B Ta6n. 3.4 npHBeneHbi TaKHe naHHbie pjin peJiaKCHpoBaHHbix co- 
t. roBHHH npH 80 K. PaccTGHHHH MOKny aTOMaMH O s b napa^, hx KoopnHHaTbi 
n mmc;io 3KBHBa;ieHTHbix Os--Os -nap paccwraHbi c vmctom npnHHTbix b pa3ft. 
i.l;1.4 paiMepoB 3neMeHTapHbix nneeK cc^ajiepnra h Brøpunia. ØHepran 6ec- 
4>ohohhoh nonocbi (pHC. 3.13, a ), npHMepno cooTBeTCTByroman nonoHceHHio 
aiiiHHOBonHOBoro Kpan nononHHTenbHoro nornomeHHH penaKcwpoBaHHbix 
coctohhhh, oxapaKTepH30BaHa BennnnHOH E% . ib ih HarnflnHocTH 3HaqeHHH 
/’o npHBeneHbi Ha pwc. 3.13, 6 . Ctokcob cabmt, cooTBeTCTByiomHH 3HepreTH- 
<\ 0 KQMy 3330 py ot £*§ n.o MaKCHMyMa nonocbi H3JiyqeHHH E p , cymecTBeHHo 
v.viBHHyioro b anHHHOBonHOByfo cTopoHy b pe3ynbiaTe yHacrun b H3nyneHHH 
|h hohob (cm. pwc. 3.2; 33,6) ,npHBenen b Ta6n. 3.4 h Ha pnc. 3.13, e kslk 
A p 

3neprHH cbhjm e p , npwBeneHHaH b Ta6n. 3.4, cooTBeTCTByeT 3HepreTHMecKo- 
mv 3a3opy Me>KAy E p h 3HeprenmecKHM nonø>KeHHeM nonocbi nornomeHHH 
p) f pa>K€HMH) CB 06 oAHOro 3KCHTOHa A n ^ l , CyMMy e P M 3HeprHH CBH3H CBO- 
r x>nHoro 3KCHTOHa (cm. Ta6n. 2.2) na30BeM rnyOwHOH KHcnoponHOH noByuiKM- 
BcMMHHHa e p BKnioMaeT 3HeprHK) penaKcauHH E p h 3HeprHio cbh3H B036yxmeHHH 
na coctohhhh A Hp (cm. pHC. 3.13, e) : 

e p = £ p + e Hp . (3.5) 

Unn Toro moobi HCKnioHHTb 3aBMCMM0CTb e p or BenH4HHbi 3HeprHH CBH3H Ha 
nepenaKCMpoBaHHbix coctohhhhx, b Ta6n. 3.4 cneKTp penaKCHpoBaHHbix co- 
c roHHHH npHBH3aH k nonoKeHHio nonocbi cboOoahoio ^4„ =1 -3KCHToya 6ec- 
KHcnoponHoro cynb(})Hna miHKa. 

JXna npoBepKH nonvMeHHbix 3HaneHHH e p Hcnonb30Banacb Bennnrøa 3Hepre- 
iMHecKoro 3a3opa b nono>KeHHH MaKCHMyMOB nonoc KaionomoMHHecueHiiHH. 
E =■ E " p - E^, KOTopan npw A Hp ^0 (cm. pnc. 3.13, ^) cooTBeTCTByeT 

E**E P + A p . (3.6) 

Hn,eHTH(])HKaiXHH cneKTpa nap 6bina npoBeneHa HaMH b cooTBeTCTBMH c otho- 
CHTØJIbHOH HHTeHCHBHOCTbK) nOHOC B CneKTpaX OTpanceHHH pa3nHHHbIX o6pa3UOB 
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5/3, 1/3, 3/2 1,1062 0.112 (0.147) 330,2 (3,754) 21,5 3.723 (333,0) 
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0,565 (0,600) 375,5 (3,301) 352 2,949 (420,4) 





Phc. 3.13. 3HepreTHHecKHfi cneKTp pejiaKCHpoBaHHbix coctohhhh KHCjropoflHtix ueHTpoB 
ZnS npH 80 K 

a — cxeMa onTimecKHX nepexoAOB npH iia/innHH penaKCHppBaHHbix U h Hepe- 
jiaKCHpoBaHHbix C/«P coctohhhh b6hh3h 3Kchtohhoh 30Hbi £/ cboG ; 6 ~ cxeMa pacnono- 
HceHKH ypoBHeii pejiaKCHpoBaHHbix coctohhhh Ha khc JiopoAHbix u,eHxpax b ccfcanepHTe 
h BiopuHTe; e - 3 aBncnMocTb 3HeprHH cbh3h eP pejiaKCHpoBaHHbix coctohhhh Ha napax 
Og—Os OT paccTOHHHH b nape ajih pemeiKH c4>anepHTa; ^ - oTHocHTejibHoe pacnono- 
xceHHe nojioc A, A H P, A P b cneKTpe 
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(cm. pa3tt. 3.4). B HacTHocTH, nccneuoBaHHH cneKtpa cpejiHMx nap no3BOJiHJ7H 
ozmo3HaMHo onpeaejiHTb cAB.nr Kpan nornomeHHH ajih 3thx o6pa3UOB h bbi- 
HBHTb nonoxceHHe HanOonee ipihhhobojihoboh, b KpaeBon oOnactH, nonocbi 
OTpaxceHHH A p . 

MccneaoBaHHe reKcaroHanbHbix KpHCTanjjoB h ocoOeHHo nojiHTHHHbix xeK- 
caroHaabHbix c]>opM 4 H ZnS h 6 H ZnS, BbipameHHbix H3 pacnnaBa, oSHapyxcn- 
no Te xce 3aKOHOMepHOCTH cneKTpa penaKcnpoBaHHbix coctohhkh KHciiopoA- 
Hbix jioBymeK B036y>KAeHHB Ann aajibHHx nap. flpn 3 tom noBbiuieHHaH paciBO- 
pHMocTb KHCJiopona b reKcaroHanbHbix KpHCTannax no3BonH;ia b pHAe cjiyqaeB 
nonyqaTb 6onee HHteHCHBHbie KncnopoAHbie nonocbi b cneKTpax. il ;ih yTOHHe- 
hhb cneKTpa AanbHHx nap b Biopunie Mbi BOcnojib30BajiHCb aaBMCHMOCibio anep- 
THH CBH3H 6 P nap OT paCCTOHHHH MOKAy K30JlHpOBaHHbIMH Og -neHTpaMH B na- 

pax Ann CTpyKtypbi c^ajiepwia (cm. pnc. 3.13, e) npn AonymeHMw, hto 3aBH- 
CMMOdb 3Ta cnpaBeAmma h b ciiynae reKcaroHanbHon cipyKxypbi. 

3.7. 0C06EHHOCTH CriEKTPOB PEJlAKCHPOBAHHblX COCTOHHHft 

TeMnepaiypHoe cMemeime oTAenbHbix KOMncHem cneKTpa KaTononioMHHec- 
ueHUHH npencxaBJieHO Ha pnc. 3.14, a. HccnefloBaHHH npoBeaeHbi Ha moho- 
Kpnciannax c<})anepHTa. Unn nony4eHHH HHcjiopMaiiHH 06 ot^enbHbix rionocax 
.4 P cneKTpa KHcnopoAHbix JioBymeK BoaSyxcncHHH nonOnpanncb oopa3ixbi, b 
K aTonojnoMHHecneHUMH KOTopbix npeoGnaAajiH. re min nHbie KOMnoneHibi. Xoa 
icMneparypHoro CMemeHHH nonoc A p npHMepHo qpmh3.kqb ajih Bcex rpynn 
■ iojioc h noBTopHeT xoa TeMirepaTypHoro CMemennn nojiocbi cboøqahoto 3kch- 
\ ona A (pnc. 3.14, a). BbicoK03HepreTH4ecKne KOMnoneHTbi cneKtpa nap 3a- 
s j.cam npn 6 onee hh3khx TeMiiepaxypax, 4eM HH3K03HepreiHMecKne 
\pnc. 3.14, a, o). B nacTHocTH, nonoca A p 3 aracaeT npn 170 K, b to BpeMH KaK 
45 - npn 230 K, a nonoca cpeAHHx nap A 3 MoaceT HaOnioftaTbCH no KOMHai- 
iow TeMiiepaTypbi. AHanorn4Hoe noBeneHue HaOjrtoAanocb h ajih nonoc nap b 
G aP * N [319] . Hanano cnana KopoTKOBonHofibix jihhmh M 3 ny 4 eHHH npHBOUHT 
^ yBejiHnemno hhtchchbhocth nocnenyioinMX AnHHHOBonnoBbix KOMnoHeHT. 
Oo TaKxce noATBepxcnaeT B03M0>KH0CTb TepMimecKoro orpbiBa 3 kcmtohh 
.oui orAenbHO aneKTpoHa m AbipKH ot ueHTpoB c Majion 3Heprnen cbh3h h nepe- 
114 n nx 6 onee rnyOoKHM ueHrpaM. 

HHieHCHBHOCTb OTAenbHbix nonoc b cneKTpax KaTOAonioMHHecueHmiH 3a- 
tiiicHT ot KOHueHTpanHH padBopeHHoro KncnopoAa b KpncTannax. IIoaTOMy 

-nonoca mnpOTepManbHbix c<J>anepnTQB, BbipameHHbix c Ao6aBKHMH cepbi 
i • i>aep>KaiuHx ^ 0,3 moji.% pacTBopeHHoro KHCiiopona, ne HaGnniAaeTCH v>K*e 
jpn200K. Unn KpHCTannoB, nony i ieHHbix 6e3 aoOhbok cepbi, 3Ta nonoca npo- 
viepneTCH ao KOMHaTHon TeMiiepaTypbi. AHanorn4HO nonoca A p b KaTGAomo- 
.MHHecueHUHH pacnnaBHbix ctJjanepnTOB, TepMoo6pa6oraHHbix b napax cepw, 
nc npoMepneTCH yx<e npn 140-150 K, b to BpeMH xaK ajih OoraTbix khcho- 
moaom KpHCTajinoB ZnS * Zn oHa MOxceT npHcyTcrBOBaTb ao 180 K. Ilony- 
■icHHbie 3KcnepHMeHiajibHbie pe3ynbTaTbi xopomo cornacyioTCH c HMeiomKMHCH 
a jiKTepaType cBeAeHHHMH Ann CHCTeM GaP • N, ZnS * Te m Ap. [309, 319], 

TeMnepaTypHan 3aBHCMM0CTb eimen nonocbi Gonee cnox<HaH. HHorAa mohcho 
ifaOnioAaTb c noBbimeHweM reMnepaTypbi b HHTepBane 80-300 K mohotoh- 
f!bin AJIMHHQBOJIHOBblH CABMF nonOCbl CO CpeAHHM TeMnepaTypHblM K034>(})II- 
umchtom 4 - 10 “ 4 3 B/K. B Apvi nx cjiynanx TeMnepaTypHoe cMemeHHe iiojiocbi 
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Phc. 3.14. TeMnepaTypHaa 3 ebhchmoctb noJio>KeHHH MaKCHMyMOB {a) h HHTeHCHBHocTH 
nonoc jriiOMKHecueHUHH (6), a TaioKe cneicrpbi nornomemui npn 77 K ( e ) KpHCTaJiJioB 
ZnS c vBe.iF«eHHeM coflep>KaHKH KHCjiopoAa ot 0,1 ao 1 moji.% (KpHBwe / -►6) 

He o6Hapy5KHBaeTCH. 3 to mo>kho oObHCHMTb KaK aocTaTOMHO 6oJibixioH ee 
nojiyiuHpHHOH ^0,4 3B, tsk h HeoneMeHxapHQCTbio. Bprøe cjiy^aeB MaKCMMyM 
nojiocbi cKanKoo6pa3Ho CMemaeTcn Ha HHTepBan. KpaTHbiH ZØ-c})OHOHy pemeT* 
kh ZnS (cm. pnc. 3,11, a). KpoMe Toro, b HHTepBajie TeMnepaTyp 180—200 K 
OTMCHaiOTCH KOpOTKGBOJIHOBbie CflBHrM M3KCHMyMa HOnOCbl OT 0,02—0,03 
Ao 0,07 aB, a Bbmie 200 K BHOBb BOccTaHaBJiHBaeicH MOHoTOHHoe AnHHHo- 
BOJiHOBoe cMemeHHe c K 034 > 4 wixHeHi 0 M (2-4) • 10~ 4 aB/K. HeaneMeHTap- 
HOCTb iionocbi noATBep>KAaeTCH npHcvTCTBHeM b pnne cnynaeB na ee KopoT- 
KOBOJ1HOBOM CnaA6 AOnOAHHTeJTfcHblX MaKCHMYMOB, He CBH3aHHbIX C <f)OHOH" 
HHMH HOBTOpaMH (CM, pilC. 3.10, fl). Ohm MOIVT 6bITb OOyCAOBAeHbl npH- 
cyrcTBHeM b ZnS, ennbHO nernpoBaHHoM khcjiopoaom, BbiaeneHHH okcha- 
hoh $a3bi, ÅHa.AH3 npenapaTHBHbix vcjtobhh rioHBJieHHH amx AononHHrenb- 

HblX COCTaBAHlOlAHX CMHeH nOJIOCbl nOATBCp>KAaeT CBH3b HX C OKCHAHMMH 

BbiAeneHHHMH. Hih tskhx o6pa3UOB, KaK upaBHJio, Hanoonee Benmco pa3- 
jiHqHe o6mero coAepxcaHHH m KOHueaTpaunH pacTBopeHHoro KKcnopona. 

TeMnepaiypHbie 3 aBncnMocTH hhtøhchbhocth nonoc <])GTonioMHHeciieHi];HH 
Aq — A? h A\ 2 " K0Mn0KeHr cneKTpa KHcnopoAHbix jioBymeK BoaOyacAeHHH 
2H ZnS - O (cm. pnc. 3.14, 6), nonynenbi nnn nopomKa, TepMOoopaOoTaH- 
Horo b napax iiHHKa h coaepacamero pacTBopøHHbJH KHcnopoa b KonnnecTBe 
~ 1 moji.%. Coniacno pncyHKy, nonoca 6 jih>khhx nap coxpaHHeTca h npw kom» 
HSTHon TeMiiepaType, xoth HHTøHCHBHOCTb ee b o6pa3uax, ne JiernpoBaHHbix 
HHbiMH, KpoMe KHcnopoaa, npMMecHMH, yMeHbUiaexcH Ha 2- 3 nopHAKa. Pø3- 
Koe ocnaOjieHHe nonoc Aq - A^ oTMenaeTCH npn 110—120 K c nonHbiM kx 
H cqe3HOBeHHeM npn T > 170 K. CooxBexcxBeHHO b 3thx HHTepBanax TeMne- 
paiyp yciinHBaeTCH AJiHHHGBonHOBan A j 2 -nonoca. ÅHanornHHafl B3aHM03a- 
BHCHMocTb HHxeHCHBHOCTefi rionoc 6bina oOnapyxceHa b pa6oxe [309] Ann 
Te s - h Te s — Te s -peHTpoB. Tlo mhchmio othx aBiopoB, yBennMenne hhtchchb- 
hocth nonocbi H3nyqeHHH 6nH5KaHiirøx Te s — Tes _na P c noBbimeHHeM TeMne- 
paxypbi onpeaenHeTCfl nepeaaHew 3HepniH ot Te s -ueHTpoB. noBbiweHHe xeM- 
nepaTvpbi cnocoOcTByex ocBoOoxcAeHHio 3KCHTOHa, noKanH30BaHHoro Ha 6o- 
nee MenKHx noByuiKax, c nepesaxBaTOM ero rnyOoKKMH nempaMH. ZnS 
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THepnoi aKTHBaiiMH TepMMMecKoro rauieHKH [80] cmhch nonocbi cocTaBHHCT 
0,4 3 B. 3xa BejiHMHHa HaxoAHTCH b paayMHOM cornacHH c onTHMecKon my- 
6 hhoh A \_ 2 ' J10B y ujeK 0,56-0,59 aB (cm. ia6n. 3.4). JXjih nonoc b oOnacTH 
KpaeBoro cneKTpa HarøenHaa 3HeprnH aKiHBauMH mokct MeHHTbcn b ripene - 
jiax 0,05-0,1 jB nm o6pa3ijoB c pa3HHHHOH npeabicTopHen, mto raK>Ke corna- 
cyeTCH c AaHKbiMH xa6n. 3.4. 

MccneAOBaHHe TeMnepaiypHoro cnaxta hhtøhchbhocth KaroAonroM HHecueH- 
ukh / 43 -KOMnoHeHTbi cneKTpa npoBeneHo Ha oOpaauax c^anepnia, BbipameH- 
HblX THapOTepMaJIbHblM MeTOAOM (CM. pHC. 3.14, 6). 3aTHH}'TblH yMaCTOK 
cnatfa HHTeHCHBHOCTH b oOnacTH Majibix TCMrrepaTyp h coxpaHeHne nojiocbi 
npH 300 K ynoao 6 jiHei ee noBeneHHe .4^ 2 -ueHTpaM. nonyneHHaH /inn A 3 - 
nojiocbi 3HeprHH aKTHBaunn TepMHnecKoro rameHHH oKa3anacb paBnon 0,1 3B, 
qro 6jih3ko k oriTHHecKOH rny 6 HHe khcjiopoahoh jiobvuikh^o (cm. Ta 6 n. 3.4). 

ripH BbICOKHX nJlOTHOCTBX B036yX<neHHH B paCTDOBOM 3JieKTpOHHOM MHKpO- 

cKone (10 26 cm' 3 • c' 1 ) ciiaA HHTeHCMBHociH nonoc A\ 2 n A% b TeMnepaxvp- 
hom HHTepsaJie 77—300 K Menee oAHoro noprøKa. 

CneKTpbi nornomeHMH b oOnacTH Kpaes AonojiHmejibHOH a6cop6iiHH penaK- 
CMpOBaHKbix coctohhhh Ha KHcnopoAHbix ueHtpax npencTaBneHbi Ha pnc. 3.14,0 
h KpHBOH 6 Ha pnc. 3.4. BenimHHa nornomeHMH b ofriacTH Kpan AononHMTenb- 
HOH aOeopOuHH COCTaBJiHer ^ 10 3 cm - 1 , HTO COOTBeTCTB3jyi KOHUeHTpailHH 
HCHipoø ne MeHee 10 19 cm - 3 . Cnnonmoe nornomcHHe ot Kpan (J)yHJnaMeHTajib> 
hoh aacopOiiHH ZnS Mox<eT 6biTb HHTepnpenipoBaKO cxeMon pnc. 3.13, a. Ma- 
MeneHiie Kun^nrypauMM ypoBHH pe.TaKCHpOBaHHoro coctohhhh U p npn nepe- 
xoiie ot A 0 - k rli-ueHTpaM Moacer oøbHCHFnb 3KCuepHMeHTanbHG Hacnronae- 
Moe paiMbiTue Kpaa aonoHHHTeiibHoro noi JiomeKHH E A no cpaBHeHHio c Kpa- 
om E a - YiKne nojiocbi, cooTBeTCTByiomMe E 0 * HaOnronarorcH peAKO mibKo b 
oTpanceHHH Hanøcnee cosepiueHHbix KpncTajuioB (cm. pnc. 3.7). ITpn ?tom 
iienpeptiBHoe AononHHienbHoe nornomeHHe na cneKTporpaMMax OTcyTcreyeT, 

OepeHAeM 1 < pacCMOTpeHHK) KOHAeHTpaUHOHHOH 3aBHCIIMOCTH HH1CHCMB- 
hocth nonoc. Bocno/ib30BaBLtiHCb cooTHOiueHHHMH (3.1) h (3.2), moxcho 
OUCHHT b KOHUenrpaUKK) OTMCJIbHMX KHCJIOpOUHblX UeHTpOB B 3aBHCHMOOTM OT 
o6mew KOHueHxpaitHH C pacTBopeHHoro KHcnopona. CornacHo 3KcnepKMeHTy, 
oTAenbHbie rpynnbi nonoc JiroMHHecixeHiiKH khcjiopoahmx jioBymeK B036y>KAe- 
hhh b ZnS HanSonee HHTeHCMBHbi npn onpeAeneHHbix KOHueHTpaiyiHx npHMecH 
KKCJIOpOAa C max . B HaCTHOCTH, AAH X 0 -UeHTpOB KOHIieHTpaUMH npHMecH, 
coorBeTCTByiomaH MaKCHMantHOH mhtchcmbhocth >lo-nonoc k a to aojikj mf - 
iiecueHAHH, C max = 0,1 moji.%; ahh A 1 A$- k -4 2 .i-ueHxpoB C max cooiBer- 
ct ByeT 0,4; 0.7 h 1,0 MQT\. r i. 3xo no3BOJiHei onpejiejnirb H3 cooTHomeHHn 
(3.3)-(3.4) HHCJIO HC3aHHTbSX DpHMeCbK) y3J10B pcIUCTKH C^BJiepMTa /?, COOT 
eeTCTByiomee oOnacTH riOKajiH3auHH B036y>KAeHHH. BenHHHHbi n h pamiyc 
BMemajomeH kx C(j)epbi R npHBeAenbi b Ta6n. 3.5. linn ixeHTpoB O s -O s c ne- 

H3BcciHbiMH H3 3KcnepHMeHxa 3HaM€HHHMH C max BejTHHiiHfoi m nonyMeHbi nyreM 
rpa<j)HnecKOH HUiepnonHAMM aasHCHMocra R ot e p (cm. Ta6n. 3.4) cootbct- 
ciByiomHX ueHTpOB. ^ncjia 3KBHBaneHTHbix nap m 3aHMCTBOBaHbi H3 ra6n. 3.4, 
TJXC OHH paCCHHTaHbl KaK KOOpAHHaUHOHHbie HWCJia nepBOH, BTOpOH H T. A. KOOp- 
AMHauHOHHbix cc]}ep aHHOHHOH noApcmeTK h c^anepHTa, 

B Ta6n. 3.5 aaHbi KOHAeHxpauHH OTAejibHbix thuob KF.cnopoAHbix nenTpoB 
rrpn KOHneHTpauHH pacTBopeHHoro b ZnS KHcnopona C - 0,2 moji.%. Pexyjib- 
xaTbi pac i ieTOB cooTHonjennn KOHuernpaunn pa3jnmHMX khcjiopootmx uchtpob 
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Tad.uma 3.5. KoHUOHTpaUHH pa3JIH4HbIX THnOB KWC/lOpOflHblX UeHTpOB 


X ap 8KT ep HCTI! k a 
aeHTpa 





Thh neirrpa 





-4 0 

1 0 

A g 

A s 

a 7 

*6 

-4 5 

^4 


^1,2 

m 


24 

36 

6 

48 

8 

24 

12 

24 

18 

n 

- 

1000 

690 

630 

500 

480 

420 

370 

280 

200 

R, HM 

- 

2,1 

1,9 

1,8 

1,7 

1,7 

1.6 

1,5 

1,4 

1,2 

Cmax. moji.% 
aHanna 

0,1 




0,4 




0,7 

1,0 

pacqeT 

0,10 

0,20 

0,29 

0,32 

0,40 

0,42 

0,47 

0,54 

0,71 

1.00 

[ ], 10** 7 CM 3 

68 

3,2 

9,0 

1,7 

18 

3,0 

10 

5,7 

14 

12 


b ccJjajiepme npw pa3Hbix C npHBeACHbi Ha pHc. 3.15. KaK ciieayeT H3 pwc. 3.15, 
K3MeHeHHe oiHocHTejibHOH kohuøh rpauriH paawlKbix ueHrpoB npw coaepxca- 
hhh npHMecH < 0,1 moji.% HecymecrBL-HHo. TaKOc >Ke nonoKenne xapaKiepHo 
h ;uih GaP ■ N. OaHaKo ojih ZnS - O, Koraa 0 0,1 moji.%, cc>Aep>Kamie ioojih- 
poBaHHMX ueHipoB Aq h aaabHKX nap A,- pc jKO VMeHbmaeTCH, a napbi b 6jih- 
xcamnvix y3Jiax A lt2 HauHHarøi npeoGnaAarb. Ibkmm o6pa30M, npu 6onbuwx 
KOHIieHTpaUHHX KHCJIOpOAHblX AOByiJJeK B036y>KZieHHH MMeeT MCCTO H3MCHe- 
HHe OTHOCHTCJIbHOrO COjiep>KaHHH BCCX rHlIOB UCHipOB B nc>jlb3y OJIH>KaHIlIHX 

nap. 

Mccne,qoBaHMH noaeaeHHH no/ioo k artviojnoMHHecixcHUHH oOpajizoB c pa3- 
JlHHHblM COAep>KaHHeM KUCJIOpOUa IIPH BfcICOKOH HHTeHCHBHOCTH BO30y>KZXeHHB 
npoBezi;eHbi b pacipoBOM 3JieKTpoHHOM MHKpocKone no mctoahkg [320]* 
a TaKxce npw B 036 yxcfleHKH HMiryvihcaMM AJiHTejibHocTbK) 3—20 hc npw njiOT- 
iiocth TOKa b HMiiy.ibce 10 2 — 10 3 A • cm " 2 h cpcAHeii 3Hepnm 3 jieKTpoHnB 
200 joB no MeTOHHKe [184], CneKTpajibHoe pa 3 peuieHHe b o 6 ohx ojiyManx 
Obuio 0,3—0,5 hm. 

Ha pwc. 3.16 npHBeaeHbi cueKiphi KaioAonioMHHecueHUHH w 3 aBHCHMocTb 

OTHOCHTeJlbHOH HHTGHCHBHOCTH OrAeiibHblX nOJTOC KaTOAOJIK)MHHGCUeHIIHH 
npH 100 K ot nnoTHocTH B036yx<neHnH ajih o6pa3ua c^ajiepMTa, Bbipamen 
Horo H3 pacmiaBa [321], y KOToporo b cneKrpe KaroaojnoMHHecueHUHH npn 
ManoM ypoBHe Bo3oy>KAeHHH Ha6jnoAajnicb ocnoBHbie i pyimbi iiojtoc H303JieKT- 
pøHHblX UeHTpOB: H30UHpoBEHHblX 0 S - m 0 S -O s -nap (pwc. 3.16, a) . no aaH- 
HblM aKfHBaUHOHHOrO H peHTrøHOCTpyKTVpHOl O 3Ha;iH30B COUCp>KaHHe KHCJIO- 
pOAa b o6pa3iie ^0,2 moji.%. 

OueHKa MaKCMMajlbHOH IIJJOTHOCTH BOjOyxCACHHH B P3M AaeT Be/IHHMHV 
~ 10 26 CM ~ 3 ' . Ecnw npHHflTb BpeMft >KW3Htt HepaBHOBeCHblX HOCHTeneH 

3apflAa aah pa 3 pemeHHbix 3;ieKTpoHHbix uepexoAOB paBHOH 1CT 8 c, to npn 
Hcnonb3yeMoH njioTHOCTM BO30yx<AeHHB 6 yAVT HacbimaibCfl no hhtøhchbhoci h 
U eHTpbl, KOHneHTpaUMH KOTOpblX 10 18 cm' 3 . JJeHCTBHTeJlbHO, C yBSAH^CHMeM 
nnoiHOCTH TOKa J y cornacno pwc. 3.16. nojiocbi H3o;iHpoBaHHbix khcjiopoa- 
hwx ueHTpoB A a He HacbimaioTCH no hhtchchbhocth. 3to[o h cneAOBaAO oxch- 
Aarb, raK KaK KOHUCHTpaAHH A 0 -ueHTpoB BbicoKa (cm. pnc. 3.15). fljm ncuoc 
A 3 hjih A 7 HaøjnoAaeTCH HeKOTopoe 3aMeAJieHwe npH 6 o;ibixiHX nnoTHocTBx 
B036y>KAeHHH B HapaCTaHrlH KHTeHCHBHOCTH JIKJMHHeCAGHUHH. XOTH KOHUCHTpa- 
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'hc 3.16. M3MeHeHHe cneKTpoB KJl npH 100 K ia) h HiueHCHBHOcTM oTaenbHbix nonoc 
MoHOKpHcraJura c<})aJiepHTa c pocroM ypoBHH B036y^c ( u,eHHB (KpHBbie 1 --*4) 







omH.eø. 


100 


10 


1 


Phc. 3.17. M 3 MeHeHHe cneKTpa KJI npH 90 K (a) h HHTeHCHBHOcTeft nonoc 335 h 329,5 hm 
{6) MOHOKpHCTajma c4>aJiepHTa c pocroM floibi B035y>KneHHH b HMnyjibce (KpHBbie 1 -* 4) 



UHH nap A 3 k A 7 cpaBHHTenbHo BejiMKa (cm. pnc. 3.15), mojkho oxatnaTb, 
hto HaweTCH HacbimeHHe hx b ycjioBHHX Hamero 3KcnepHMeHTa. ÆeiiCTBHTenb- 
HO, HaSjIlOAaeMaH CBepXnHHeHHOCTb H3MeHCHHH y niOM ~f(J) (cm. pHC. 3.16) 
cBHueiejibCTByeT o Haqane BbiHyxczjeHHoro ncnycKaHHH, Hpn 3 tom pacieT 
KBaHTOBblH BblXOft H B03M0XCH0 HaCbHUeHHC IipM TOH >Ke nJlOTHOCTH B036y>K- 

£eHHH Sojibiuero nncna uchtpob [322], 3a noBeneHneM ocianbHbix nonoc 
npOCHeHHTb CJIOXCHO, TaK KaK OHH nepeKpbIBaiOTCH ([>OHOHHbIMH nOBTOpeHHH- 
MH i4o-nOJ!OCbI. 

ripH «OHOpHO-aKIienTOpHOH peKOMØHHamiH C yBeJIHHeHHeM nJlOTHOCTH 
B036y>KeHHB JXO 10 26 CM -3 * c" 1 MOXCHO SbUlO OXamaTb HaCbimeHHH no HHTeH- 
CHBHOCTH Bcex IIOJIOC KpaøBOrO CBeqeHHH, nOCKOHbKy BpeMH >KH3HH HepaB- 
hob ecHbix HOCHTeJien b 3tom cnynae nocinraeT 1CT 2 c n KOHueHipauHH ueHT- 
poB cpaBHHTenbHO Mana 10 16 —10 1 7 cm -3 [149]. FkmoMy nonyqøHHbie pe3ynb- 
Taibi hbjtihiotch nononHHTenbHbiM non,TBep>KACHHeM npennaraeMOH HHTøpn- 
peiauHH nonoc b oGnacra KpaeBoro cneKTpa ZnS ■ O, KaK o6ycnoBneHHoro 
KHCnOpOOTblMH nOByiHK3MH B036y>KfleHHH. 

HccnenOBaHMH 33B MCHMO CT H HHTeHCHBHOCTH KaTOnOJnOMHHecUeHUMH OT 
nnoTHocm TOKa B03oy>KfleHnH nn« nojioc H303neKTpoHHbix ueHTpoB npn 
ypoBHHX 10 26 10 27 cm - 3 • c" 1 6binw npOBeneHbi npn HMnynbCHOM B036yxc- 

neHHM no MeionHKe [184]. fl,03a b HMnynbce MøHanacb nHa<J)parMHpoBaHH- 
eM nyqKa 3neKTpoHOB. CneKTpbr KarononiOMHHecneHUHH 4>HKCHpoBanHCh 
c oGnynaeMon ciopoHbi o6pa3ua b MaKCHMyMe HMnynbca c noMombio moho- 
xpoMaiopa M.HP-3, 03Y h cKopocTHoro ocuHnnorpatJm M2-3A. BpeMeHHoe 
pa3peuieHHe Bcero H3MepHTenbHoro TpaKTa 6bino 5 hc. B 3thx ycnoBHHx 
ynaeTCH nocTnmyib HacbimeHMH no hhtøhchbhocth nonoc A%, A% u rpynnbi 
nepeKpbiBaiomHxcn nonoc A%—Aj npn KOHueHipaimax paciBopeHHoro khc- 
nopona b KpncTannax 10 19 cm" 3 . B qacTHOCTH, Ha pnc. 3.17 npHBeneHbi TaKne 
naHHbie .nnn ^J-nonocbi. Ilpn rny6KHø npoHHKHOBeHHH nynKa 2 ■ 10~ 4 cm 
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[149] Ann KpHBbix pHcyHKa 3Al, a KOHUeHTpaunH B036y>KAeHHbix ueHTpoi 
cociaBJiHeT 1 • 10 18 (/); 2 • 10 18 (2), 6-10 18 (2) h 1 10 19 cm~ 3 (4) 
C yBexiHaeHHeM iuiothocth B036y>KneHHH ^-no/roca bmxoaht Ha nacbime 
HHe h npOMepaeTca KaK ciyneHbKa Ha cnane 6onee KopoTKOBOJiHOBbix kom 
FTOHeHT, 06fl3aHHbIX npOHBJieHHK) KOOnepaTHBHblX CBOHCTB 3KCHTOHa B Zn5 
(cm. pa3«. 2.2). 

CKopocTb BpeMeHH 3aTyxaHHa OTAenbHbix nojioc cneKTpa KHCJiopoAHbi> 
ueHTpoB HcaieAOBajiacb no tom >Ke MeiOAHKe [184]. o6pa3UOB, nccne 
AOBaHHbix HaMM, Manbie BpeMeHa nocJiecBeaeHHH 6bUiH o6aapy>KeHbi jyu 
nojioc 328 hm C^kc)» 336 hm (^4{J) H 368 hm (A%): ripn H3MeHeHHH nnoT 
hoctm B036y>KAaK)mero HMnynbca Ha nopHAOK (5 * j 0 2 5 —5 • 10 26 cm -3 ■ c -1 ) 
rxocJiecBeMeHMe b 3thx nonocax ociaeTca KOpone 15 hc. Aae H3JiyneHHH npn 
AJiHHax bojih 339 hm m 440 hm HaOmoAaJiHCb OojibiiiHe BpeMeHa u 6onee cjio>k- 
hmh 3aK0H 3aiyxaHHH. B qacTHOcTH, unn nonocbi 339 hm, HccneAOBaHHOH 
na o6pa3uax, BbipauieHHbix H3 ra30BOH 4>a3bi, KMHeTHKy cnaAa nocnecBeHeHKH 
mo>kho onMcaTb cyMMoii A»yx 3KcnoHeHT c r x = 43 hc (50%) ht 2 = 300 hc 
(50%). OnHcaHHbie 3KcnepHMeHTaJibHbie c{)aKTbi comacyiOTCH c pe3yjibraTa- 
mh, noJiyqeHHbiMH ahh ueHTpoB jioKaJiH3auHH 3Kchtohob b paOoTax no me- 
[oqHO-ranoHAHbiM KpHCTajijiaM [290, 291]. 

AHajiM3Mpya Becb KOMnneKc ocoøeHHOCTen cneKTpoB KwyiopOAHbix ueHT- 
;h>b b cyjib({)HAe uHHKa b oonacTH 335-430 hm, mo>kho 3aKJiK)qHTb, mo Bce 
' 'icm HaxoAHT o6T>HCHeHMe B paMKax MOAenw pejiaKcnpOB aHHbix coctohhmh 
{ i i cm caMbiM AOKa3bmaioT cymecTBOBanHe thkhx coctohhmh Ha O s -, Og- Og- 
ucHTpax b cynb(})HAe UHHKa. 

* 8. H3MEHEHHE UIHPHHbl 3AnPEIUEHHOft 30HI>I BlOPltfiTA 

H COAJ1EPHTA nPM JlErHPOBAHMM KHCJlOPOflOM 

BiopuHT. KaK noKaaaHO b pa3A. 2.2, ajih cHCTeMbi ZnS—ZnO xapaKTepHO 
uj>a30BaHHe orpaHMqeHHbix TBepnMX pacTBopoB 3aMemeHHH h cymecTBeH- 
>e M3MeHeHHe napaMeTpOB peineTKH ZnS npn pacTBopeHHH KHcnopona [153 — 
i N <>, 209, 213], mo MoaceT conpoBOH<AaTbCH H3MeHeHMeM wHpHHbi 3anpemeH- 
i m»m iOHbi. no naHHbiM pHAa pa60T CMemeHue Kpan nponycKaHHH [155], MaK- 
hmvmob nonoc bhahmok jnoMHHecueHUHM [174, 155], a TaKnce y3KOJiHHeH- 
*.tioio KpaeBoro cneKTpa [209, 213] cBHAeTøJibCTByeT 06 yMeHbiiieHHM uiHpH- 
■ im umpemeHHOH 30Hbi ZnS npn pacTBopeHHH KHcnopoua. OAHaKO, ksk noKa- 
i.iHo Bbime, KHcnopoA b ZnS o6pa3yeT ueHTpbi, KOTOpbie MoryT BiiHHTb Ha 
i. ?>jh rioniomeHHH h KpaeBOM cneKTp. RepBOHaqajibHo cHHTajrocb, mo H30- 
t sCK i pOHHaH IIpHMeCb JIHØO A^eT UeHTpbi, CBH3bIBaK)UUMe 3JieKTpOHHbie B03- 
OV/KAOHHH (npH 3TOM E g — IIIHpHHa 3anpeiIieHH0H 30HbI MarpHU He M3MeHH- 
ich), hh6o npHBOAHT k H3MeHeHHio Eg, T.e. o6a 34>4)eKTa B3aMMHO hckjiio- 
ixpyr Apyra. B HacTonmee BpeMH h ahh npyrux chctcm, HanpwMep CdS - Te 
1162], oOHapyaceHo, mo npH cpaBHHTenbHO Majibix KOHiieHTpauMHX HaoaneKT- 
(HHinaH npHMecb AaeT ueHTpbi, cBH3biBaioiuMe 3JieKTpOHHbie BOs6y>KAeHMH, 
I npH OojIbUJMX KOHUCHTpaUHHX BJIHHeT Ha H3MeHeHKe UIHpHHbl 3anpemeHHOH 
«oiibi. TeopeTMqecKH Bonpoc 3tot Mano H3yneH. IloaTOMy mm npHBOAHM to jib- 
Ko DKcnepHMeHTajibHbie pe3ynbiaTbi HCCJieAOBaHHH H3MeHeHHH uiMpHHbi 3a- 
'rpeuieHHOM 3ohm ZnS npK pacTBopeHHH KMCJiopoAa. flaHHbie nojiyqcHbi no 
cMcmeHHio nonoc b cneKTpax OTpaHceHHH h KaTOAOJiiOMMHecueHUMH cynb4)M- 
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na iiMHKa, KoHueHTpauiHH pacxBOpeHHoro KKCJiopozia b ZnS onpeue:ia;iacb 
no H3MeHeHHK> napaMeTpOB pemexKH (cm. pa3a. 1.4). 

MccneaoBajiHCb b ochobhom nopouiKH MapKH ”anH HK)MHHG(j)OpoB'\ npe;b 
BapHTøJibHO npouiemiiHe TepMOo6pa6oTKy b BaKyyMe 10‘ 5 xopp npw 700 °C 
n coaepacaime 6oxiee 2 % KHcnopona no naHHbiM aKTHBaunoHHOro aHantm. 
Kncnopoa b ZnS pacTBopann npoKannBanneM b napax unnKa npn aaBneHH- 
hx 0,2—5 arM h reMneparype 1100°C c nocnenyrømeft 3aKaJiKOH. Mccneao- 

BaHHH H306pa>KeHHH 06pa3U0B B paCTpOBOM 3JieKTpOHHOM MHKpOCKOlie B 
CBere icaxonojiioMHHecneHnHH noKasann, mo nernpoBaHHe nopoii/KOB npn 
BbicoKOieMnepaiypHOM OT)KHre b napax lxenKa npHBOnnx k cpaBHHTCJibHO 
paBHOMepHOMy pacnpeneJieHHjo KHcnopona b peineTKe. 3xoMy cnocoOcTBy- 
ei, no-BHAHMOMy, yBeJmqeHHe KOHueHipauHii cepHtix BaicaHcKH, mo oSner- 
qaex KHcnopona b ZnS. Ottkht b UHHKe, KpOMe xoro, enocoOcxBy- 

eT nepexony Ky 6 nqecK 0 H cipyKTypbi ZnS b reKcaronaJibHyK), yMeHbinan 
KonnnecTBO netyeKjos ynaKOBKM b Biopiwxe. 

Jlnn onpeneneHHH ninpMHbi 3anpemeHHon 30Hbi mm Bocnonb30Bajmcb 
HCCJienOBaHHHMM IIOJIO>KeHKH /4-3KCHTOHHOH nOJIOCbl B CIieKXpax OTpaaceHMH 
h KaToaojnoMMHecueHUHM, KOTopyio b npncvicTBHH KHcnopona, cKopee Bcero, 
cneayex HHTepnpeTHpoBaxb KaK ^4 Kp . riopouiKH nepen ctjCmkoh xpaBHnncb 
b yKcycHon KHCJiOTe zyiH ynajieHMH HOBepxHocTHoro ZnO. 

npH MajIblX KOHUeHTpaUHHX paCTBOpCHHorO KHenopona 06 H3MGHCHHH 
nono>KeHHH . 4 - 3 Kchxohhoh nojiocbi ZnS npn 80 K mo>kho cynnxb no cneKT- 
paM OTpa>KeHnH. OKa3anocb, mo pocT kohucHT paiinn O s ot 0,1 no 0,3 moji .7c 
b riopoiiiKax h MOHOKpncTajiJiax 2// ZnS npuBonm k cMeineHHio i4-nonocbi 
B OTpa>KeHHM B anHHHOBOJTHOByK) CTOpOHy 11,0 322,4 HM. ripH OOHbineM coaep- 
>xaHHH KHcnopona b ZnS ./loKCHxoHHaH noJToca oGm^ho He HaojnonaeTCH hh 
b QTpa>KeHHH, hh b H3nyqeHHH npn aaoTHbix xeMnepaxypax. Ilo -b nan mo My, 
yBennnenHe k oHixeHTpauHH Bce Oonee rnyOoKKx KHcnopoaHbix neHTpoB c 
pOCTOM ypOBHH JiempOBaHHH KHCJIOpOnOM (cm. puc. 3.15) npHBOnHT Ha Ka- 
kom-to 3rane k HeciaOHJibHOCTH Hepe:iaKcnpoBaHHbix B 036 yx<aeHMH (cm. 
pa3n. 3.9) H3-3a noHH^eHHH 6 apbepa unn penaKcaunn. 

M3MeHeH«e cTpyKTypbi cneKTpa ZnS, cHJibHo nernpoBaHHoro KHcnoponoM, 
ynaeTCH npocnenHTb no xeMnepaiypHon saRHCHMocxn KaxoaonrøMHHecueH- 
UHH. Ka k bhaho H3 pncyHKa 3.18, DKcnxoHHbie nojiocbi c noBbiineHHeM tcm- 
nepaxypbi Bbiuie 150K noKBiimorcH npn 3aracaHHH KpaeBoro cBeqGHHH h 
npn 300 K npeo6nanaiox b ynbxpa<})HonexøBOH oOnacxH. Ilpn 0,3 moji .% kh- 
cnopona o6bmHO HaonioaaiOTCH nee nonocbi c jneprexHqecKHM 3a3opoM Me>xny 
hhmh ~50 M3B. C noBbiLiieHMeM ypoBHa nernpoBaHHa ohh CMeiuatoxeH b 
nnHHHOBOjiHOByio cTopoHy, npHMøM 3a3op yBe:mqHBaeTCH no ~90 -130 M3B. 
OnHQBpeMeHHO paCTVT KHTeHCHBHOCTb H innpMHa nnHHHOBOJIHOBOH nonocbi 
no cpaBHeHHfo c kopotkobojihoboh (cm. pwc. 3.18, e\ 3.20, a). 

KaK noKa3aHo b [291], npH BBeneHHH H303JieKTpoHHoii npHMecH bo3mo>kho 
o6pa30BaHwe Hapnny c pejiaKCHpoBaHHMMH coctohhhhmh TaK>Ke HepenaKCH* 
pOBaHHbix Ha ioh >xe npMMecM cocroHHMH c jHeprneH cbh3h, mojio ouiMHaio- 
ineHCH OT 3HeprHH CB>I3H CBOØOnHOrO 3KCHTOHa (cm. pa3n. 3.9). CBH3aHHOMy 
Ha KHCJiopone 3KCMTOHy (HepenaKCHpoBaHHbie coctohhhh ^4 Hp ) moxcho co* 
nociaBHTb KopoTKOBonHOByio nojiocy, B03HHKaro[nyfo b KaronoJiEOMUHecneH- 
ixhh c poctom KOHneHxpauHH KHcnopona. nojiocbi cBoSonHoro 3KCHX0Ha npn 
3xo m ho HaOjiranarøTCfl [290]. flpn Manbix KOHueHTpauHHx pacxBopeHH(;ro 
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l'Mi\ 3.18. H3MCHCHHC cnCKipOB KJI nopOLLIKOB BiOpUHfa C 2CMIiepai>pOpl npM flOCTOHHHOfl 
MWlUeHTpailMH KHCJIOpOlia ( a , 6) H OT KOHUCHTpaiiHH KHCJlOpoaa HpM 300 K (fi) 

a - 10 S j -0,1 MOJI.%; T - 300 (i); 250 (2); 230 (7) ; 200 (4); 167 (5); 80 K 
( 0 ); 6 - to *ce, *rro h <7, npw (0 S I =0,4 moji.%; 8 - [O s 1 =0,1 (7); 0,4 (2); 0,8 (J) ; 
I ,1 moji.% (4) 




l’»n . 1.19. CneKTpM (J)OTOiiK>MHHccucHUHH npH 80 K (fli ■ liopoiiiKOB 2 H ZnS c cojiepwa- 
iiikM KBcJiopoaa 0,1 (7); 0.4 (2); 0.8 (j?) ; 1,1 (4) h cncKTpbi B036y>KfleHna 

\n) KpaeHoH </), aeJieHo fi (2) h cHHeft {3,4) no/ioc ff/ix jtkx nopouiKOB iipn 80 K 
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KHCJiopoAa onHHHOBOJiHOBoe CMemeHHe c poctom [O s ] nonoc A Hp miokct 
obiTb oGycjioBJieHo tøm. hto o6pa3yiOTCH Bce 6o;iee rnyOoKHe O s Og-ueHTpbi 
(cm. pHc. 3.15). MaKCHManbKoe CMemeHHe AocTHraeTcn, ccjih B03HHKaeT 
nonoca A ^ Ha 6hh>khhx O s —Og-napax c 3HeprweH cbh3h ~40 mdB (cm. 
raoji. 3.6). nojiocw KaTorøJHOMHHecaeHHHH A (.4 3*) npH 6oJibiiiHX koh* 
neHTpauHBX npHMecM AOJixcHbi npeo6naaaib npn KOMHaTHon TeMnepaiype, 
nocKOJibKy oHeprnn cbh3h Ha othx ueHTpax nopn^Ka hjih øojibme kT, Cy- 
mecTBOBaHHe penaKCHpoBaHHwx coctohhhh oOycnoBHHBaeT AJiHHHOBOJiHOByio 
nonocy b cneKTpax KaTOAOjnoMHHecueHAHH npw 300 K (cm. pnc. 3.18, e). 

Hcciie^oBaHMe cneKipoB B036yx<neHHH (JjoTOjnoMHHecueHUHH Tex >xe no- 
pouiKOB npw 80 K noKa3ajiH, hto ripn Majibix KonueHTpauHHx pacTBOpeHHøro 
KHCJiopoAa KpaeBan h 3eneHaH (})OTOJiK)MHHecueHHHH (pnc. 3.1 9, a ) B036y>K- 
AaiOTCH B OCHOBHOM Hepe3 30Hy npOBOAHMOCTH 2H ZnS (pnc. 3.19,0, Kpn- 
BaH i). MHHHMyMbI KpHBOH B036y>røeHHfl B 3TOH oOjiacTH COBnaAaiOT no 
cneKTpajibHOMy nonoxceHHrø c 3KCHT0HHbiMH nonocaMH Biopu,HTa. IIojio>Ke- 
hhc ochobhwx A -, Æ-okchtohhmx nojioc xcx >xe o6pa3noB, onpeAeJieHHoe 
H3 cneKTpOB oipa>KeHHH hjih TeMrieparypHOH aaaHCHMOCTH KaToaomoMH- 
HecueHUHH bjih 80 K, noKa3aHo Ha pnc. 3.19,6 crpejiKaMH. YBenHqeHHe co- 
;i,ep>KaHHH paciBopeHHoro KHCJiopoAa npHBoAm k pa3MbiTHio tohkoh eTpyK- 
Typbi, cooTBeTCTBytomeft 3KCHTOHHbiM A -, B ~, C-nojiocaM h cjJLBHry ochob- 
hofo MaKCHMVMa BoaOyrøeHHH b jyiHHHOBOJiHOByio CTopoHy (pnc. 3.19,6, 
KpMBbie 2—4 ). 

C yBejiHMeHHeM KOHiieHTpauHH KHCJiopoAa pojib pejiaKcnpoBaHHbix co¬ 
ctohhhh B03pacTaeT. 3 to oOycJiOBnHBaeT yBejinqeHHe oTHocmenbKOH hh- 
TeHCHBHOCTH AJ1HHHOBOJIHOBOH nOJIOCbl. KpOMe TOTO, ycHJIHBaeTCH BKJiaA 

Bce 6onee niyøoKHX ueHTpOB Og~Og (cm. pnc. 3.15). 3to tiphboaht (cm. 
Aanee pnc. 3.25, e ) k H3MeHeHHio 3HepreTHMecKoro 3a3opa mokav ab>'mh 
nojiocaMH KaTOAOjiioMHHecueHiJLHH, HaOjHoaaeMbiMH npH 300 K (cm. pnc. 3.18). 
B KpaeBOH oOnacTH CMemeHHe ajthhhoboahoboh nojiocbi no OTHomeHHio k 
KopoTKOBOJiHOBofi bo3mo>kho, comaciio Bpe3Ke pnc.3.25, npHMepno Ha 
130 M3B, nocKonbKy c yBejinqeHHeM KOHAeHTpauHH KHCJiopoAa nannHaeT 
npeoOjiaAaib nonoca A f (cm. pnc. 3.15) h mm npoMepneM ee b Kajononio- 
MHHecueHUMH npH 300 K napHAy c kopotkobojihoboh A * p , oOnaaHHOH He- 
penaKCHpOBaHHbiM coctohhhhm. riocnenyiomaH KOMnoneHTa A \ cneKTpa 
penaKCHpoBaHHbix coctohhhh yxce cymecTBeHHo ynajieHa cneKipanbHo ot 
rpynnbi nonoc najibHnx nap, noaTOMy ee He bhaho b KpaeBon oOnacTH. 

MiaK, yqpiTbiBaH npupony nonoc b bicoKOTeMnepaiypnon KaTOAOJirøMMHec- 
ueHUHH CHjibHonerHpOBaHHbix o6pa3ii,oB ZnS-O, nonpooyeM npoaHa;iH3Hpo- 
BaTb H3MeHeHne ninpHHbi 3anpemeHHOH 3ohm BrøpuHia c pocioM [O s ] no 
nOJIOMCeHMK) KOpOTKOBOJIHOBblX nOJIOC KaTOAOJIlOMHHecueHUHH HepenaKCH- 
poeaHHbix coctohhhh (cm. pnc. 3.25, fl). flo-BHAHMOMy, mnpHHa 3anpemeH- 
HQH 30 HbI ZnS npn BBeaeHHH KHCJiopoAa MOH<eT H3MeHHTbCH H npH epaBHH- 
TenbHo Majibix KOHueHTpaiiHHx npHMecM, KOTOpan BJiHHeT Ha BepxHHe ypoBHH 
BaJieHTHOH 30HbI. OAHaKO npH [Og] <0,4 MOJT.% 3TOT 3(J)4>eKT B cneKTpax 
MacKnpyeTCH o6pa30BaHHeM HcpejiaKCHpoBaHHbix B036y>KAeHHbix coctoh¬ 
hhh A wp (cm. pnc. 3.25,fl). MaKCHMaJibHoe zyiHHHOBOJiHOBoe CMemeHHe no¬ 
noc A Hp He mokct npeBbimaTb BennnnHy oneprHH cbh3h HepenaKCHpOBaHHbix 
3 K chtohhbix cocroHHHH Ha ^^-ueHTpax ^40 M3B (cm. pa3A. 3.9). Cornac- 
hq pHc. 3.25,fl, hah BiopUHTa cMemenne kopotkobojihoboh nojiocbi ksto- 
102 



aoJiioMHHeciieHUHH npw [O s ] > 0,4 moji.% AOCTHraeT 0,1 aB, T.e. npH 6o;ib- 

UIHX ypOBHHX JierwpOBaHHB, KpOMe o6pa30BaHMH CBH3aHHOTO 3KCHTOHa, 
HMeeT Mecxo yMeHbiueHHe LiiHpHHbi 3anpemeHHOM 30Hbi npn onHOBpeMeHHOM 
yMeHbineHHH napaMeTpoB peiueTKH b CMCTeMe ZnS-O. 3 to Bbi3BaHO, no-BH- 
AHMOMy, ocnaOjieHweM TeTpaaapHHecKHX CBfl3eH ZnS H3-3a ycwneHMH hohhoh 
cocTaBnHiomeH ZnO npH pacTBopeHHH Kwcnopoaa. CMHTan, mo b cneKxpax 
KaToaojiioMHHecaeHUHM Mbi HaOajoaaeM b KawecTBe kopotkobojihoboh 
noaocbi HepeaaKCHpoBaHHbie coctohhhh A* p c e Hp ~ 40 msB, moxcho oue- 
HHTb, mo H3MeHeHMe IUMpMHbl 3anpemeHHOM 30HbI BrøpiXHTa npw [O s ] =S 
^ 1 moji.% nopHAKa 50—60 M3B. 

Cc^ajiepwr. B otjihmmc ot BiopuMTa ajih 6ojibixiHHCTBa MOHOKpucTajuioB 
ecJjajiepma, BbipameHHbix paanHWbiMH MeioaaMM, npHCVTCTBHe b peiueTKe 
Kwcnopoaa bo MHorwx cnyqaflx He npoasjiHeTCB b ajiHHHOBOJiHOBOM CMeme- 
KMH nonoc 3 KCHTOHHbix cneKTpoB. HanpMMep, TMnnqHoe noiro>KeHHe ^4^-no- 
jiocbi aaa pacnnaBHbix c^ajiepHTOB cooxBeTCTByei 326,0—326,4 hm, xoth 
coa,ep>KaHMe KHcnopoaa b hhx 3HaqnTejibHoe — 10 19 cm -3 . 3to nocjiyHcnno 
ocHOBaHHeM ajiH BbiBo^a [201 ] o tom, mo uiHpHHa 3anpemeHHOH soHbi ccj)a- 
icpHTa yMeHbiiiaeTCfl npw paeiBopeHHH Kwcnopona MHaqe, qeM BiopuHTa. 
0;j,HaKo HeT npBMbix ocHOBaHHH c^HTaTb, mo BBeaeHHe oanoil n tom >Ke npn- 
mcch b y3jibr pemeTKH raKHx 6jih3Khx no cBoncxBaM cipy^Typ, KaK BiopuHT 
n cc^ajiepwT, aoji>kho npHBOAMTb k cymecTBeHHo pa3JiHMHbiM HCKaxceHHHM 
bICK rpOHHOH CHCTCMbl K pHCTajTJia. CKOpee, pa3nH4He 3TO MO>KCT 6bIXb CBH- 
iano c oco6eHHocTHMH cxpyKxypbi BiopuHTa h c4>ajiepHTa, MeHbineM pacTBO- 
puMocTbK) KHCJiopoaa b c(J)anepHTe, a Taioxe o6pa30BaHHeM iuiockhx ae- 

<|)eKIOB. 

Khk mm yxce oTMeqajTH, BrøpaHT 2//ZnS cpaBHHTejibHO nenco pacTBopneT 
KHcaopoa b 3HaqHTejibHbix KOHueHTpauHBx, pearnpyH na npHMecb aec})opMa- 
hiich pemeTKH, Beaymen k H3MeHeHHio napaMeTpoB c w a, hx oTHouieHMB c/a 
^ uiHpHHbi 3anpeiacKHOH 3 ohm. BjiH3KaH k HaeajibHOH naoTHOH ynaKOBKe 
upyKTvpa c^aaepHTa c mecTKoHanpaBaeHHbiMH TeTpaaapHMecKHMH s/? 3 -cbh- 
;kmm vienee repnHMa k ne<j)opMaiiHHM h KOMiieHCKpyeT HanpH>xeHHH cxcaiHH, 
iioniMKaiomHe npw jierMpOBaHHH KHCJiopoaoM, nyieM o6pa30BaHHH ne(j)eK- 
i <>b ynaKOBKH. 

B CBH3H C nOBblllieHHOH a^(J)eKTHOCTbK) npH JlCrHpOBaHHH C([)ajTepHTa KH- 
v.io[)oaoM (b napax uHHKa) i4 Hp -nonocbi pa3MbiBarøTCfl CHJibHee, qeM aaa 
mopunra. KpoMe Toro, cneKTpbi ycno>KHHK)TCH H3-3a npucvTCTBHH nonoc 
2//-(J)a3bi. 3 to ocoØeHHo xapaKTepHo hjih nopouiKOB, nonyqeHHbix npOKan 
kom npn TeMnepaiype 1000°C, 6aw3KOH k reMnepaiype <£a30Boro nepexoaa 
ctl)aj[epHx-BK)puHT, xotb nonocbi 2//-(j)a3bi b eneKTpax HaMeMarøTca y>Ke ana 
i^Mneparyp o6pa6oTKH 850 °C, øcjih o6pa3Ubi oxjia>KaanHcb MeajieHHo 
! ()0 °C/m [119, 173]. 

Na pHC. 3.20 npeacxasneHH npw pa3Hbix xeMnepaxypax cneKTpbi Kaxon.o- 
nioMHHecueHUHH nopomKOB c^anepHTa c paanvi^HOH KOHueHTpauHeH pacT- 
iiopeHHoro KHCJiopoaa. B KaqecTBe Aono/iHHTenbHbix xjaHHbix Ha pnc. 3.21 
Mia npHBo;j,HM xeMnepaTypHbie 3aBHCHMOCTM nonyiiiHpHHbi dkchtohhbix 
mojjuc oxpa>KeHHH cpaBHHTcnbHo mhctmx no KHCJiopozjy o6pa3uoB ZnS. 06- 
paxeju cooTBeTCTByiomMH pwc. 3.20, a. t c MajibiM KonHqecTBOM pacTBopeH- 
•loio KiicjiopoAa, nojryqeH npoKanKoii npn 1000 °C b napax cepbi npw ^aB- 
iciihh 0.2 aiM. Ero ^4 Hp -nojioca npw 80 K 3a hmM aer nono>KeHHe 329 hm m 
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Phc. 3.20. M 3 MCHeHHe cneKTpoB KJ1 nopouiKOB c<J>ajiepHTa c TeMnepaTypott npw iioctohh- 
Hoft KOHueHTpauHH KHCJiopofla [Os ] = 0,15 (a); 0,3 ( 6 ); 0,6 moji.% ($) h ot KOHueHTpa- 
UHH KHCJiopoija npw 300 K (^) 

fl-e - r = 300 (i), 250 (2), 230 (5) , 200 (4), 150 (5), 130 (6), 106 (7), 80 K (fl) ; 
e- [Osl =0,15 (i); 0,3 (2); 0,5 (3) ; 0,6 moji.% (4) 


ciia6o BbiHBJinercH Ha kopotkobojihobom cnaAe KpaeBoro H3JiyneHHH. IIpH 
300 K MaKCHMyM 3 toh nojiocw o™tjihbo npoMepneTCH h pacnonoaceH npH 
338,0 hm (cMemeHHe noKa3aHo cxpejiKaMw). KpoMe Hee, b cneKTpax HaGmo- 
AaeTCH Gojiee KopOTKOBOjiHOBan cocTaBJTHioiuaH, Koiopan npH 300 K coot- 
BexcTByeT 333,7 hm. CMemaeicn oHa c TeMnepaTypoii c TeM >Ke ko3(}hI)mah- 
eHTOM, mo h nojioca 338 hm. Mo>kho nonaraTb, mo nojioca 333,7 hm o6fl3aHa 
2/7ZnS*0. fleHCTBHTejibHo, b OTpa>xeHHH TaKHX o6pa3uoB npn 77 K reKca- 
roHajibHan 4>a3a TaK>xe AaeT cnaObie A~ h Æ-nonocbi 324, 1 h 321,5 hm, b to 
BpeMH KaK 3C-(j)a3a npeAciaBJieHa nojiocoii 326,9 hm. Bo mhothx cny^anx 
b cneKTpax KaTOAOjnoMHHecueHujHH nojiocbi 277-<|>a3bi 6onee HHTeHCHBHbi, 
MeM nojiocbi 3C ZnS, b tom HHcne k AJiHHHOBonHOBan cocTaBJiHiomaH 343 hm 
npn 300 K (cm. pHc, 20,a, e, KpuBbie 1). TaKwe cneKTpbi rammiibi tuifl 06- 
pa3uoB c4>ajrepHTa, npoKaneHHbix b napax cepbi h KMeiomHX noBbiiueHHyio 
KOHueHTpauHH) Ae(J)eKTOB ynaKOBKH h bkjuouchhh 2/7 ZnS. 

C yBejiHMeHue m AaBJieHHH napoB uHHKa npw TepMOo6pa6oTKe h cootbct- 
CTBeHHo c yBeJiimeHHe m b nopouiKax 3CZnS KonmeciBa pacTBOpeHHoro 
KHCJIOpOAa paCTd OTHOCHTeJIbHaH HHTCHCHBHOCTb AnHHHOBOJlHOBOH nojiocbi 
KaTOAOJiiOMHHecueHUHH C(})ajiepHTa (cm. pnc. 3.20, e). IlpH 3 tom yBeHHqeHHe 
Ae(})eK thoctm pemeTKH npHBOAHT k TOMy, mo y>xe npn [O s ] > 0,5 moji.% 
KopoTKOBOJiHOBan nonoca nomn HepasjiHHHMa b cneKTpax KaTOAOJiioMHHec- 
AeHuHH 3C ZnS-0 (cm. pnc. 3.20, e h e, KpHBaa 4). flan CHJibHojiernpoBaH- 
Horo 3CZnS-0 AJiHHHoBOJiHOBoe cMememie HaOjnoAaeTCH h txnn nonoc 
CneKTpOB B036y5KaeHHH (})OTOJlK)MHHeCUeHUHH B BHAHMOH o6jiaCTH (pnc. 3.22). 
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Phc. 3.21. TeMiiepaTypHafl 3aBHCMMOCTi» nonyumpHHM 3kchtohhoJI ^ Hp -noJiocw KaTOAO- 
moMHHecueHUHH HenernpoBaHHbix MOHOKpHCTanjioB (7,2) h iuieHOK (7', 2') BiopiiHTa 
(/, 7') h c<J>anepHTa (2, 2') 

Pmc. 3.22. CneKTpu B036y>KAeHHx KpaeBoft (7) h aeneHoft (2,2) 4>OToniOMHHecA6HUHH 
npw 80 K ajia nopouiKOB 3CZnS * O c coAepxcaHHeM pacTBOpeHHoro KHcnopoAa 0,15 (7); 
0,5 (2) h 0,6 moji.% (2) ? 

Phc. 3.23. MHKpo<J)OTorpaMMM cneKTpOB oTpaxceHHH MOHOKpHcrajuiOB 3CZnSnpH 77 K, 
HcxoAAoro (7) h TepMOo6pa6oTaHHbix b napax uhhkh npH AaBAeHHH 0,5-8 aTM ( 2 - 4 ) 


TaK >Ke, KaK aah reKcaroHajibHbix nopouiKOB, 3tm cneKTpbi b cnynae Majiow 
KOHueHTpaUMM paCTBOpeHHOrO KHCAOpOfla HMerøT OCHOBHOH M3KCHMyM B03- 
(jy^KueHHH nonoc bhahmoh moMHHecueHUHH b ynbTpa<|)HoneTOBOH ofwiacTH. 
B jTOM cneKTpajibHOH o6nacTH Ha KpHBoii B036y>KAeHHH npoMepaioTCH ot- 
'icniHBbie 3K cipe MyMbi (pwc. 3.22, KpHBan 7), cooTBeTCTByiomHe ochobhwm 
)k cHTOHHbiM nonocaM 3C ZnS, tiono>KeHHe v4-nonocbi oTMeneHO CTpenicaMH. 
MaKCHMyM B036y>KaeHHH c yBenHneHHeM ypOBHH nernpoBaHHH 3aHHMaeT 
nojio)KeHHe 339 hm (k pHBan 3 ). 

B cneKTpax B036yxQ3,eHHH c<J>anepHTa TaKx<e npoHBJimoTCH nonocbi, o6«- 
laiiHbie Aec^eKiaM ynaKOBKH h reKcaroHanbHOH <J)a3e. HanpHMep, oth o6- 
paaua, cneKTp KOToporo npeACTaBJieH Ha pnc. 3.22 kphboh 3, nono>KeHHe 
>kcmtohhoh nojiocbi c<t>anepHTa, HawAeHHoe H3 OTpaxceHHH A 328,0 hm. 
Ill COOTBeTCTByeT OCHOBHOH JOtflH 3TOH <j)a3bl MaKCHMyM B036yX<AeHHH 
1 P 33^ hm. Hapnfly c 3THM b cneKtpe B036y>KaeHHH HaOnioAaeTCH BTopan 
KOMiioHeHia A p 334 hm. IlocJieAHrøio H3 HccneAOBaHHH TeMnepaTypHOH 3 a- 

BHCHMOCTK K aTOAOJHOMHHeCUeHUHH TOrO >KC 06pa3l(a MOXCHO COIlOCTaBHTb 

c 1H ZnS»0-(J)a30H. 

B cneKTpax OTpaxceHHH c<j)anepHxa npn nerHpoBaHHH KHcnopOAOM ^4 Hp * 
nonocbi T3K>KC CMemarøTCH B AJIHHHOBOJTHOByiO CTOpOHy. ØTa CepHH OnbITOB 
Obina npoBeaeHa Ha CKOJiax MOHOKpHCTajuiOB c4>ajiepHTa, BbipameHHoro H3 
pacnnaBa. 06pa3Abi noABeprajiHCb paBHOBecHOMy OTXcnry npn 1150°C b 
napax uwHKa c nocJieAywmeH 3aKajiK0H. JJaBneHwe napoB ah hk a b aMnynax 
H3MeH5mocb ot 0,5 ao 8 aTM. OKa3anocb, hto cneKTp OTpaxceHHH npn 77 K 
h b pe3ynbTaTe TaKOH TepMOo6pa6oTKH CMeujaeTCH b AnHHHOBOJiHOByio cto- 
poHy ao 328—330 hm (pwc. 3.23), npnneM 3KCHTOHHbie nonocbi b cneKTpax 
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oTpaaceHHH MOHOKpHciajuioB yuaeTca npoMepHTb uax<e npw 3HanHTenbHOM 
yuiHpeHHH. HaHØojiee CTa6MJibHo MaKCHManbHbie anHHHOBOJiHOBbie cubhth 
nojroc npoMepnioTCH ana KpHCTajuioB, o6pa6oiaHHbix npH uaBneHHH napoB 
UHHKa 8 aTM. Jlna onpeueneHHa KOHueHTpauHH pacTBopeHHoro KHcnopoua 
B o6l>eMe MOHOK pHCTajlJIOB Mbl B0Cn0Jlb30BaJIHCb 3Ha»ieHMflMH IUIOTHOCTH 
o6pa3uoB, KOToptie cocTaBHnH flua HcxoflHoro h TepMoo6pa6oiaHHbix b na- 
pax UHHKa npH 4, 6 h 8 aTM 4,0921; 4,0908; 4,0904 h 4,0902 t/cm 3 coot- 
BeTCTBeHHo [151]. Crojib Oonbiuoe yMeHbiueHHe iuiothocth o6pa3uoB npw 
TepMOo6pa6oTKe b napax uhhkb He MoxceT 6biTb oObacHeHO B03HHKHOBeHHeM 
coOcTBeHHbix Toae»iHbix ue^eKTOB, TeM 6ojiee mo npHH36biTKe uhhkb b ra- 
30BOH (])a3e b pemeTKe B03HHKaeT Me>xy3ejibHbiH uhhk, KOTopbiH uonxceH 
yBejiHHWBaTb njiOTHocTb. PacTBOpeHHe KHcnopoua b KpncTannax c o6pa30- 
BaHHeM TBepuoro pacTBopa 3aMemeHHa aojdkho uaBaTb yMeHbiueHHe iuiot¬ 
hocth . B 3tom cnyaae 

[O s ] =(Ap + AG4 Zn )Mo, (3.7) 

rue Ap — yMeHbiueHHe iuiothocth HcxouHoro o6pa3ua npu o6pa6oiKe b 
napax uhhkb; A C — yBenHneHHe b KpucTanne KOHueHTpauHH Me)Ky3eub- 
Horo UHHKa, oueHeHHoe no unarpaMMe (phc. 1.9) una uaBneHHH napoB UHH¬ 
Ka 4,6 h 8 aTM KaK 2,5 • 10 17 ; 3 * 10 17 h 4 • 10 17 cm" 3 cooTBeTCTBeHHo; ^4zn> 
A 0 — Macca 3 tomob UHHKa h KHCJiopoua, r; [O s ] — KOHueHTpauHH pacTBO- 
peHHoro KHcnopoua b ZnS, cm“ 3 . 

KOHueHTpauHH pacTBopeHHoro KHcnopoua, nonyneHHbie no yMeHbineHHio 
iuiothocth, una uaBJieHHH napoB uhhkb 4, 6 h 8 aTM cocTaBHJiH 0,2; 0,28 
h 03 moji.% cooTBeTCTBeHHo. 3 th pe3yn^TaTbi cornacyioTca c unarpa mmoh 
pHC. 1.17, MTO KOCBeHHO nOUTBepHCUaeT npaBHJIbHOCTb HaiUHX BbIBOUOB. Bbl- 
HHcneHHbie 3Ha»ieHHH [O s ] cornacyioTca h c pe3ynbTaTaMH peHTreHocTpyK - 
TypHoro aHanH3a una Tex ace KpHCTajuioB npn BBeueHHH nonpaBKH Ha ue<|)eKTbi 
ynaKOBKH. IlpH MaKCHManbHOH H3 npHBeUeHHblX KOHueHTpauHH [C^] b ZnS 

0,28—03 moji.% uonxcHbi npeoOnauaTb A 3 — i4 lf2 -ueHTpbi (cm. pnc. 3.15) h 
cooTBeTCTByiomHe hm nonocbi A ^ 1 cBa3aHHoro 3kchtoh3 (cm. uanee 
Ta6n. 3.6). B np^enax oiukSkh 3KcnepHMeHTa 3to cornacyeTca c uaHHbiMH 
HauiHX onTHaecKra HccneuoBaHHH, cornacHO kotopmm HaOniouaioTca nonocbi 
328—330 hm (pHC.3.23). 

flna nopouiKOB 3CZnS»0 c couepxcaHueM KHcnopoua uo 1 moji.% Mbi 
Ha6mouanH Tanoe >xe npeuejibHoe cMemeHne A Hp nonoc uo 330,3 h 330,1 hm 
npn 77 K y pa3Hbix o6pa3uoB. 3 th pe3yjibTaTbi cBHueTejibCTByioT o tom, 
mo unHHHOBonHOBoe CMemeHHe 3KCHTOHHbix^4-nojioc ccfranepHTa He npeBbiiuaeT 
BennaHHy cMemeHHa nonoc HepenaKCHpoBaHHbix B036y)KueHHbix coctohhhh 
H a KHcnopoue (cm. uanee pnc. 3.25, 6). 

3KcnepHMeHTbi Ha nnacranecKH uec])opMHpoBaHHbix o6pa3uax noKa3ann, 
mo npn UBH^KeHHH UHcnoKauHH cymecTBeHHo noBbiuiaeTca KOHueHTpauua 
KHcnopouHbix ueHTpOB (pnc. 3.24) h, bo3mo>kho, HaOmouaeTca Hanano npo- 
uecca yMeHbiueHHa uiHpHHbi 3anpemeHHOH 30Hbi 3CZnSO. Kan bhuho H3 
pHcyHKa, b OTcyTCTBHe ue4>eKTOB ynaKOBKH 3KCHTOHHbie cneKTpbi c4>anepH- 
Ta (KpHBbie 3) HcnbiTbiBaioT cymecTBeHHo unnHHOBonHOBoe cMemeHHe no 
cpaBHeHHio c A -3K chtohom hcxouhoto ZnS (KpHBbie 7). ripn 3tom nonocbi 
cneKTpa penaKCHpoBaHHbix B036yxcueHHH Ha Kucnopoue Hc»ie3aK)T. 
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Phc. 3.24. CneKTpbi oTpaaceHHH npH 77 K {a) h KaiononiOMHHecueHUHH npw 80 K ( 6 ) 
o 6 pa 3 ua pacruiaBHoro ctjjanepHTa (7), TepMOo 6 pa 6 oTaHHoro mia nonyqeHHH 4/7-cTpyKTy- 
pu, h to ro ace o 6 pa 3 ua, fle<J>opMHpoBaHHoro Ha 10 (2) h 15% ( 3 ) 


TaKMM o6pa30M, unn cynbcjjima uHHKa peanH3yeTCH cnynaH, Korna npK 
Manbix KOHueHTpaiiHHx pacTBopeHHbiH KMcnopofl nrpaeT ponb noBymeK, cbh- 
3biBaiomHX 3JieKTpoHHbie B036yxca,eHHH c o6pa30BaHHeM ^4 Hp - h ^4 p -coctohhhh, 
a npw 6oJibuiHX KOHueHTpaiiHHx npHBOflHT k H3MeHeHHio iiiHpHHbi 3anpemeH- 
hoh 30Hbi ZnS*0. Ha pwc. 3.25 cyMMHpOBaHbi paccMOTpeHHbie Bbirne naHHbie 
O ITOJlO^CeHMH 3KCHTOHHbIX IIOJIOC B cneKTpaX KJI H OTpa>KeHHfl BIOpUHTa (a) 
h c4>anepHTa ( 6 ) c pa3HH*iHbiM conepacaHHeM pacTBopeHHoro KHcnopona. 
Ha Bpe3Ke pnc. 3.25 ,e noKa3aHo, KaKne nepexoAbi MoryT AaBaib nonocbi 
H3jryqeHHH b KpaeBOH oOnacTH cneKTpa. CorjiacHo 3toh cxeMe, ahh naHece- 
hhh 3KcnepHMeHTajibHbix ToqeK BbiSwpanKCb HanGonee KopoTKOBOJiHOBbie 
nojiocbi cneKTpa KpaeBon KJI. ripn Manbix KOHueHTpauMHx KHCJiopona hc- 
nonb30BajiHCb naHHbie no nono>KeHHK) 3KcwTOHHbix nonoc b cneKTpax OTpa- 
>KeHHH. KaK BHflHO H3 pHC. 3.25, 3KCnepHMeHTajIbHbie TOHKH npw Majlbix KOH- 
ueHTpauHHx KMCJiopona yKnaflbiBaioTCH b cxeMy pacnonoaceHHH ypoBHen>l Hp . 
3th ypoBHH HaHeceHbi Ha Tex >Ke pncyHKax cnpaBa b BHfle nrrpHXAHarpaMM, 
oTpaxcaiomHx, KpoMe nonoxceHHfl b cneKTpe nonoc >l Hp , h hx OTHocnTenb- 
Hyro HHTeHcHBHOcTb no nncny 3KBHBaneHTHbix ixeHTpoB b peineTKe. H3 pH- 
cyHKa bhaho, mto Ann c<})anepHTa (cm. pwc. 3.25, 6) HaOnioAaeMbie b cneKTpe 
ZUiHHHOBonHOBbie cflBHTH 3KCHTOHHbix nonoc He bmxoaht 3a npenenbi A™ 
a b peineTKe BiopuHTa npw [O s ] > 0,4 moh.% HMeeT MecTO yMeHbineHHe luh- 
pHHbi 3anpemeHHOH 30Hbi. 

IlOABOniH HTOT HCCneAOBaHHHM CneKTpOB H303neKTp0HHbIX KHCnopOAHblX 
ueHTpOB, mo>kho 3aKmonHTb cnenyiomee. B ycnoBHHx, SnaronpHHTCTByioinHx 
o6pa30BaHHio TBepAoro pacTBopa 3aMemeHKH ZnS*O s , npH conepxcaHHH kh- 
cnopona <10 18 cm~ 3 o6pa3yrøTCH npeHMymecTBeHHo O s -ueHTpbi. Ohh narøT 
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Phc. 3.25. ConocTaBneHHe pacMexHbix iiiTpHXAHarpaMM (cm. npaBbie lUKajibi) h cneKTpajib- 
Horo nojjojKeHH» nonoc KaTOAOjjiOMHHecueHUHH A* 1 * 5 CBH3aHHoro Ha KHCJiopoAHbix ueHTpax 
3KCHTOH3 (TOMKH) AJ1H o6pa3UOB BIOpUHTa (flf) H CtJjaJiepHTa ( 6 ) C pa 3 HbIM COflepX<aHHeM 
pacTBopeHHoro KHcnopona, a xaioKe H3JiyaaTenbHbie nepexoAt 7 c ypoBHett HepenaKCHpo- 
BaHHbix h penaKCHpoBaHHbix cocTOHHHft b BaneHTHyio 30Hy ahh KpaeBoft oGnacTH 
cneKTpa (e) 

nOJTOCbl CBH3aHHOrO 3KCHTOHa. PeJiaKCMpOBaHHbie COCTOHHHH He BbIHBJIHIOTCH 
hh b nornomeHKH, hm b nrøMHHecueHUHH Ha $0He 3<Jx})eKTOB, o6H3aHHbix 
npMcyTCTBHK) co6ctb eHHbix Ae4>eKTOB (cm. ru. 4), HeKOHTpojiwpyeMbix 
npHMeceM HJTH KOMnJieKCOB HX C KHCJlOpOAOM. (COAepXCaHHe KHCJlOpOAa 
<10 18 cm“ 3 HHxce npeaejia HyBCTBHTenbHocTH MeTOftHK pemreHocTpyKTyp- 
Horo H aKTHBaUHOHHOrO aHajTH30B .) n P H KOHUeHTpaUMHX 10 18 —6-10 19 cm~ 3 
KHcjiopoA b pacTBopeHHOM cocTOHHHK MoxæT 6biTb oSHapyxceH B ZnS no 
cneKTpaM penaKCHpoBaHHbix h HepenaKCHpOBaHHbix coctohhhh Os- h 
O s ~O s -ueHTpoB. 3^)(})eKTbi, o6H3aHHbie sthm uenrpaM b rnny^emm h no- 
niomeHHH caMoaKTHBHpoBaHHoro cynb^HAa uHHKa, npeoGnaftaioT b cneKTpax, 
nocKonbKy coflepxcaHHe HeKOHTpojiHpyeMbix npHMeceii h co6cTBeHHbix Ae- 
4>eKTOB b HeM Ha 1-2 nopHAKa HHxce. IlojioxceHHe 3KCHTOHHbix nonoc He 
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onpeaejiHeT b tbkhx CHCTeMax unipHHy 3anpemeHH0H 30Hbi. Upn KOHuempa- 
UHHX >0,4 MOJI.% KHC/Iopo^a B03MOHCHO 06pa30BaHHC TBepflblX paCTBOpOB 
3aMemeHMH ZnS O s c n3MeHeHHeM imipHHbi 3anpemeHHoii 30Hbi. Pacnaa 
HX AOJl>KeH npjHBOmiTb K 06pa30BaHMK) B ZnS OKCHAHblX BblfleJieHHH. 

3.9. HEKOTOPblE 3AKOHOMEPHOCTM CBOJflfCTB 

PEJlAKCHPOBAHHbK H HEPEJlAKCHPOBAHHblX COCTOHHHfl 

HA UEHTPAX AHHOHHOrO 3AMEUJEHHH B A 3 B S , A 2 B 6 h A* B 7 

PaccMOTpeHHbie ocoGeHHoern cneKTpoB KHCJiopoAHbix nosymeK B036y>K- 
UGHMH B Cyjlb(pWJ,e UHHK3 nO3BOJIHf0T COnoeraBHTb CBOHCTBa nOAOØHWX ueHT* 
poB b pwy coerøHeHMH A 3 B 5 , A 2 B 6 , A*B 7 mb TBepAbix pacTBopax Ha ocHOBe 
coeuMHeHHH A 2 B 6 . KaK nojiynpoBOAHHKOBoe coeAHHeHHe cynb^Hfl uhhkb, 
jierHpoBaHHbiH KHcnopoAOM, o6aapy>KHBaeT b cneKTpax Te xce rpynnw nojioc, 
KOTopbie Ha6jiK)AajiHCb b cneKTpe cBH3aHHoro jKCMTOHa y GaP*N, a TaK>xe 
t)6miie 33K OHOMepHOCTH B MX TeMnepaTypHOH 3aBHCHMOCTM H H3MeHeHMM 
UH rCHCHBHOCTM HOHOC C HJIOTHOCTbK) B036y>KAeHMH. 

OjtHaKo, oOnauan HOHHo-KOBajieHTHOH peineTKOH c OojibuiHM BKjiauoM 
ikmihoh cocTaBUHiomeH, ZnS MoxceT MMCTb qepTbi, o6ume co nrejioMHo-rajio- 
n;u*brwn KpHCTaJTJIØMH, B KBCTHOCTH HMeeT peJiaKCJipOBaHHblC COCTOHHHH HapH~ 
i\ c HepejTaKCHpoBaHHbiMM Ha oahhx h Tex >kc KHCJiopoj$ibix ueHTpax. 3 th 
c* cimhhhh pa3AeneHbi aKTHBauHOHHbiM SapbepoM 5 (cm. pnc. 3.13,a). Cbo~ 

• M»AllblH JKCMTOH B TaKOM CHCTeMe CTaHOBMTCH HeCTaOMJTbHblM. KaK H3BeCTHO, 
ii iiujiviipoBOAHHKOBbix CHCTeMax aBTOJiOKaiiH3auMH 3KCHTOHOB He HaOnio- 
UCICH 3tO OTHOCMTCH M K CyjIb(J)HAy UMHKa, HO C BBeAeHHeM KHCJTOpOAa 

« iu‘icm:i ZnS-0 o6Hapy>KMBaeT OoraTbiH Ha6op npHMecHbix ueHTpOB ot cna6o 
i« ^opvmpyrømHX peineTKy Og-ueHTpoB ao Bbi3biBarøiuHX MaK chM ajibHoe 
iiu-.i/Kcime 6 jih>khhx O s — Og-nap. B tekom cMCTeMe HepenaKCHpoBaHHbie 
n |>c :.»KaipoBaHHbie Ha oahoh k toh >*ce npMMecn B036y>KAeHHH MoryT 6biTb 
laiiJICHbl co CBoGOAHblM M aBT0JI0KajlH30BaHHbIM 3KCHTOHOM lUeJIOH- 

mo i.umiAHbix k pHCTajuioB [181, 290, 291]. CncTeMa ZnS O HBJiHeTCH npH- 
mc po.vi nepexoAa ot cHTyauHH, Korua npH Majibix KOHueHTpauHHx KHCJiopOAa 
m iimiokom yposHe B036yx<AeHHH craOHHbHbi HepeJiaKCHpoBaHHbie coctohhhh, 
k I II ! VirnllHM, B KOTOpblX npn GojIblUHX KOHueHTpauHHx KHCJTOpOAa H ManblX 
\p‘'i(ii)i'i »H>36y5KAeHKH Ha&HOAaioTCH npeMMyuiecTBtKHO penaKCMpoBaHHbie 
"-UOHIIHM ueHTpOB. C pOCTOM KOHUeHTpaUMM KHCJlOpOAa OTHOCHTeJIbHaH 
nmcHcmmocTb nonoc HepeJiaKCKpOBaHHbix h pejiaKCHpoBaHHbix coctohhhm 

* i imcmhlmch b nonb3y nocneuHKX no tom npnHHHe, ^to Gapbep ajih penaKca- 

mm «S c yBenM i ieHHeM KOHueHTpauHH KHcnopoua HecKOJibKO yMeHbiuaeTcn, 
M« pc\o;i c pocTOM KOHueHTpauHH KHCJiopOAa k 6onee rnyOoKHM ueHTpaM 
npoHmiHOrcfl AJ1H HepeJ13KCHpOBaHHbIX B036y*>KAeHHH B AMCKpeTHOM AHHHHO' 
lUMiMouoM cABitre (^4^, A”%, A^ p f A^ t ^2,1) nojI °c H3JiyHeHHH h norno- 
mumiiim, a ;vih penaKCMpoBaHHbix coctohhhm - b nepexoAe ot cpaBHHTejibHO 
v ikii\ nojioc KpaeBoro cneKTpa k umpoKononocHOMy BHAHMOMy. IIpH stom 
liu.imioc viiiMpeHMC A 0 —A 4 -nonoc cMeHneTCH npH o6pa30BaHHH A 3 — A !-ueHT- 
pniv I [O s ] > 0,4 MOJT.% pe3KMM yBeJIM^eHHeM HX UIHpMHbl (KaK JJJIH A p t 
MK M y4 Hp ). IIpoCTOH pacneT MaKCHMaJIbHO AOnyCTHMOH CHJiaMH Kyno- 

1I< »IU M>|() B3UHMOACMCTBHH 3HepTHH CBH3H UeHTpOB C erøHM^MblM (a^^eK- 

mimi.iM) xapHAOM noKa3biBaeT,HTOo6pa30BaHHei4 3 -H>l2 > i-ueHTpOB b pemeTKe 
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ZnS HeB03M0>KH0 6e3 yMeHbineHHH paccTOHHHH b nape no cpaBHeHHio c 
HAeajibHOH cTpyKTypon. IlouoOHbie CMemeHHH uempoB npn o6pa30BaHHH 
napnoro Aec^eKTa HaøjiioAajiHCb b mejionHo-rajioHAHbix KpHCTajurax. 

Ha ocHOBe 3thx npencTaBJieHHH, o6o6maiomHx CBeueHHH no H3O3JieKTp0H- 
HblM neHTpaM B A 3 B 5 H A*B 7 , paCCMOTpMM HeKOTOpbie OCOGeHHOCTH omn- 
qecKHX cbohctb ZnS-Og, ne 3aipoHyTbie paHee, a TaioKe cneKTpbf chctcm 
Ha ocHOBe coenHHeHHH A 2 B 6 . 

1. CBH3aHHbrif 3kchtoh Ha KHCJiopoAHbix ueHTpax B ZnS. Mbl y>KC ynOMH- 
HajiH 3KcnepHMeHTajibHbie (JjaKTbi, CBHAeieJibCTByioinHe 06 o6pa30BaHMK Hepe- 
JiaKCHpOBaHHblX (CBH3aHHbIx) B036y>KAeHHH Ha A 0 , A lf ..., ^-ueHTpax B 
ZnS. TaK, Ha pnc, 2.12 npHBeAeHbi cneKTpw, CBHAeTejibCTByromne o npoHB- 
JieHHH 3THX COCTOHHHH B CIieKTpax nOTJIOIUeHHH H OTpaXCeHHH MOHOKpHCTa/l- 
jiob 3C ZnS h 2//ZnS npw 77 K. B pa3A. 3.8 ormcaHo, KaK npoHBJinioTCH 
OHH B KaTOAOJIiOMHHeeueHAHH CHJTbHOJierHpOBaHHblX KHCJTOpOAOM nopOLUKOB, 
a Ha phc.3.25 AaHbi cxeMbi ypoBHen ^4 Hp -coctohhhh, xapaKTepH3yiomHe 

DHeprniO CBH3H B036y>KAeHHH Ha pa3JIHHHbIX THnaX KHCAOpOAHbiX ueHTpOB. 
KpoMe Toro. cneAyeT oTMeiHTb, mo npn HccJTeAOBaHHH cneKTpoB OTpa>Ke- 
hhh a nornoineHHH npn 77 K mhothx mohok pHCTajuiOB (h nopouiKOB) 
ZnS oØHapy>KHBaeTCfl pe3KO Bbipa>KeHHbiH Kpan nornomeHHH okojio 330 hm. 
3to AonojiHHTenbHoe norjiomeHHe oxBaTbiBaei Oojiee KopoTKOBOJiHOByrø 06- 
jiacib cneKTpa, hcm noniomeHHe, cooTBercrByiomee pcjiaKcnpoBaHHbiM 
coctohhhhm E £ (tbOji. 3.4). Kpan ZTq P ^330 hm KoppennpyeT c noHBJieHHeM 
npn 300 K HanOoJiee ahhhhobojihoboh nojiocbi k a toaojiio mhhc cue huhh 
A^ 2 b CHJibHonernpoBaHHOM ZnS-0 (cm. pnc. 3.18; 3.20). Bo3HHKHoBeHMe 
ero cBH3aHo c yuiHpeHHeM h pa3MbiiHeM nonocbi A ^ 9 Koropan b 3Thx 
CJiy^anx uaex ne AncKpeTHyio hhhhio, a cTyneHbKy AonojiHHTejibHoro norno- 
meHHH, 3aKaHqHBaromyiocB AnwHHOBOJiHOBbiM KpaeM ~330 hm. 

AnHHHOBOJTHOBbie CABHTH npOCMHTpHBaiOTCH H npH H3yqeHHH TeMnepa- 
TypHow aaBHCHMOCTM cneKTpoB noniomeHHH (oipaxceHHH ) (cm. pa3A* 2.5). 
B cneKTpax mohokphctbjuiob ZnS, HHCTbix no KHCJiopoAy, Kpan nor:iomeHHH 
OKOJIO 330 HM H AHHHHOBOJIHOBbie CABHrH 3KCHTOHHbIX nOJTOC OTCyTCTByiOI. 
06o6man HMeiomHecH y Hac 3KcnepHMeHTaJibHbie uaHHbie, npHBeAeM b TaOji. 3.6 
cneKTp 3HepreTHMecKHX ypoBHeii ZTo p cBH3aHHbix coctohhhh Ha KncnopoAHbix 
AeHTpax. 3Be3AonKaMH OTMeneHbi 3KcnepHMeHiajibHo HaSjnouaeMbie h hach- 
TH(J)HAHpoBaHHbie nojiocbi. JJnn xapaKTepHCTHKH Bcero cneKTpa ocTanbHbie 
KOMnoHeHTbi paccMmaHbi no ananorHH co cneKTpoM a3oia b GaP-N [292]. 

KaK bhaho H3 Ta6n, 3.6, b cneKTpax npn 77 K nojiocbi ^o P “^ 4 P > HMero- 
mne nojiyuiHpHHy >4Å (cm. pnc. 3.23), uoji>KHbi nepeKpbrøaTbCH. B cbh3h 
C 3THM npH yBeJIHMeHHH KOHlieHTpaUHH KHCJlOpOAa Mbl H HaSmonaeM min 
nOJIOC KaTOAOJIiOMHHeeueHAHH H OTpaxæHHH ^4 Hp AttHHHOBOJIHOBblH CABHT, 
KOTopbin HeKOTOpbie aBTopbi npHHHMaioT 3a iuiaBHbiH cabht nojiocbi CBO- 
6oahoto 3KCHTOHa. 3to xapaKTepHO rjik o6pa3uoB ZnS-O, b KOTopwx npe- 
oOjiaAarøT uaJibHHe KwcnopoAHbie napbi. 

KpaHHne KOMnoHeHTbi HepejiaKCHpOBaHHbix coctohhhh AA^ m ^4^(2) 
y mohok pHCTajuiOB npH ~80 K MoryT pa3peuiaTbCH (cm. Ta6n. 3.6). B cbh3h 
c sthm Henb3H OAH03HaHHo yTBepx<AaTb, mo ycno>KHeHHe cTpyKTypbi 3kch- 
tohhoh nonocbi (cm. pnc. 2.3; 3.17) npn Gojibiunx ypoBHHx B036y>KAeHHH 
06H3aH0 npOHBJieHHIO KOOnepaiHBHblX CBOHCTB 3KCHTOHa, a He KHCJlOpOA' 
HblM UØHTpaM. 

110 



hioAima 3.6. CneKTp CBHaaHHoro 3kcmtoh3 (HepejiaKCHpoBaHHbie coctohhhh) 
h;i k ncjiopoflHbix ueHTpax b ZnS-0 npH 77 K 


* >•*«» tiiaMciiHH (wcno) ueHTpoB I1ono>KeHHe nojiocbi oTpaaceiøiH, e Hp , msB 

3B (HM) 



C<})anepHT 



j cbo6 

3,7951 (326,65)* 


- 

,i'P 

■ 1 » 

3,7899 (327,10)* 


5,2 

< P 0 (24) 

3,7884 (327,23) 


6,7 

•l" p (36) 

3,7881 (327,25) 


7,0 

A” p (6) 

3,7876 (327,30) 


7,5 

1 * ,p (48) 

3,7871 (327,34) 


8,0 

,l 6 Hp (8) 

3,7864 (327,40) 


8,7 

/«r p (24) 

3,7849 (327,50)* 


10,2 

l" p (12) 

3,7828 (327,70) 


12,2 

,l‘ ,p (24) 

3,7765 (328,20) * 


18,6 

■ li ,p (6) 

3,7580 (329,80) 


37,2 

l" p (12) 

3,7566 (330,00) * 


383 


BrøpUHT 



1 tisof> 

33660 (320,66)* 


- 

.1 "P 

* « 

3,8606 (321,0)* 


5,4 

l" p (36)./l^ p (12) 

3,8592 (321,2) 


6,8 

l" p (12) 

3,8580 (321,3) 


8,0 

(48) 

3,85721 (321,4)* 


83 

1 ‘, ,P (6) 

3,8561 (321,5) 


9,9* 

l" p (24) 

3,8548 (321,7)* 


113 

i: ,p (6) 

3,8517 (321,8) 


14,3 

•l" p (12) 

3,8506 (321,9) 


15,4 

■1" p (18) 

33470 (322,2)* 


19,0 

l' ,p (2) 

33432 (322,6)* 


22,8 

l" P (6) 

3,8298 (323,7) 


36,2 

l" p (12) 

3,8276 (3233)* 


38,4 


I IcHcHbiM ociaeTCH Bonpoc o BejiHWHe CTOKCOBbix cflBHroB nonoc H3Jiy- 
' 11 ‘iihh no oTHomeHHK) k nonocaM nornomeHMH HepejiaKcnpoBaHHbix coctohhhh 
/ o ,p /s” p (pHC. 3.13, 2 ). IloJIOCbl A Hp KHCJlOpOflHblX JlOByiHeK IHHpe (cm. 
|>IIC. 3.21), HeM miH OØbWHblX CBH3aHHbIX 3KCHTOHOB [181], H IK) aHaJlOTHH 
c npyiMMH IipHMeCHbIMH CHCTCMaMH [291] y HHX B03MO)KHbI CTOKCOBbI 
niiiiii H. IIojiyqeHHbie H3 3KcnepHMeHTa BenHHHHbi chbhtob Jie>KaT b npe^enax 
oi 3 (A^P) jxq 24 M3B 04? 15 ), OflHaKO 3 to MoxceT 6biTb cneACTBiieM caMo- 

IIOI JIOIllCHHH. 
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Ilojiocbi Hepe;iaKCHpoBaHKbix coctohhhh oøbmHo conyT ctbviot b cneKTpax 
KaroAOJiioMMHecueHixMM h OTpaweHHH coorBeTCTByiomHM nonocaM A p -coctoh¬ 
hhh, TaK mo Ha ouhhx h Tex xce KHcnopouHbix ueHTpax HaSmouacTcn napa 
nonoc, HanpHMep A 330 hm h A\ 2 430 hm b KaTouonrøMHHecueHUHH 
3CZnS«0 npw 77 K. CooTHouieHHe HHTeHCHBHocTen nonoc Aj? h A p pe 3 Ko 

3aBHCHT OT riJlOTHOCTH B036y>KUeHHH, TaK KaK BpCMH >KH3HH H BpeMH penaK- 
cauHH HepenaKCHpOBaHHbix h penaKCHpoBaHHbix coctohhhh pa3jiHHHbi no 
BemiwiHe (cm. pa3u. 3.7). 

Ecnn KpHCTann HeouHopoueH, to MO>KeT Ha 6 niouaTbCH HecKonbKo, name 
UBe napbi, nonoc, HanpHMep Aq p — A§ h A* p ~A\ (nepBan b MaTpnue, bto- 
pan b cKonneHHHX npHMecn). C poctom nnoTHocTH B 036 va<AeHHH b KaTono- 
nioMHHecueHUHH unn A^-A^ -coctohhhh, BpeMeHa hch3hh B036y>KneHHH 
Ha KOTopbix 6 jih3kh, HaOnionaeTCH nepepacnpeueneHHe hhtchchbhocth b nonb3y 
Gonee rnyOoKHX ypoBHen. 3 to, no-BHflHMOMy, cbh33Ho c nepe3axBaTOM bo3- 
6 y>KAeHHH H OonbUieH 3(])4)eKTHBHOCTbIO peKOMOHHaUMH nepe3 ypOBHH UCHTpOB 
c OonbineH aHepraeH cbh3h. Hpn cnnbHOM nernpoBaHHH, KoruaS ^0 h nonocbi 
A™ P 2 OTCyTCTByiOT B K aTOAOn K)MHHeCUeHUHH, c pOCTOM ypoBHH B030y>K- 
AeHHH ycHHHBaioTCH KOMnoHeHTbi A p 2 . B OTnenbHbix cnynanx unn HeouHo- 
poAHbix KpHCTannoB (cm. rn. 5) mojkct mdmonaTbCH cBo 6 onHbiH 3 KCmtoh 
OAHOB peMeHHO CO CBH3aHHbIM. CsoOOAHblH 3KCHTQH B 3THX CUyMaHX COOT- 
BeTCTByeT yqacTKaM KpHCTanna, H3 KOTopbix Kncnopou vinen b BbineneKHH 
BMecTe c reTTepnpyiomeH npMMecbio. U/ih yToweHHH cTpyKTypbi cneKTpa 
cBH3aHHbix Ha KHcnopone 3 kchtohob b ZnS O TpeOyrøTCH uononHHTenbHbie 
HccneAOBaHHH npn TeMnepaType HH>xe 77 K. 

2. KoHqeHTpauHOHHaH 38BHCHMOcn» cneKTpa KJ1 ZnS-O. B paMKax Monejin 
penaKCHpoBaHHbix coctohhhh na KHcnopouHbix ueHTpax HaxouHT o 6 i>flCHe- 
Hne pe3Kan KOHueHTpauHOHHan 3aBHCHM0CTb cneKTpa KaTouonioMHHecueH- 
uhh ZnS-O. Ha pnc. 3.26 TaKan 3 aBHCHMOCTb npezxcTaBnena unn BiopuHTa. 

IIocKonbKy zyiH o6pa30BaHHH penaKCHpoBaHHbix coctohhhh hcoOxoahmo 
ynacTHe 4>ohohob, to Haudonee OnaronpuHTHbi ujjh moro reMnepaiypbi no- 
pnuKa hhh Oonbine a30THbix 60—100 K [257]. CneKTpw, npnBeueHHbie Ha 
pnc. 3.26, nonyneHbi npn 80 K. BbicoTa BepTHKanbHbix hhhhh nan cneKTpoM 
OTpa^caeT mcno cooTBercTByiouiHx 3KBHBaneHTHbix nap b BiopuHTe. Flony- 
uiHpHHa nonoc H3nyneHHH 3a cneT 4>ohohhmx noBTo peHHH cocTaBnneT 50— 
100 M 3 B. yBejiHHeHwe nonyuiHpHHbi nonoc h Bennnnnbi CTOKCOBbix cuBHroB 
b ZnS-O no Mepe nepexoua ot H 3 onHpoBaHHbix neHTpoB O s k Og—Os-napaM 
co Bce MeHbiHHM paccTOHHHeM Merøy aTOMaMH KHcnopoua cBHueTenbCTByer 
o tom, mo cTeneHh noKanbHon ue^opMamin pemeTKH ZnS npn 3tom cymecT- 
BeHHo B03pacTaeT. Bonbrnne 3HeprnH cbh3h h uiHpHHa nonoc KaTouonioMH- 
HecueHuHH penaKCHpoBaHHbix B 036 yxcueHHH Ha KHcnopouHbix ueHTpax b 
ZnS*0 no cpasHeHHio co cneKTpoM GaPN (cm. pnc. 3.1), no-BHAHMOMy, 
o6t>hchhctch TeM, mo b GaPN naOniouanHCb TonbKo HepenaKcnpoBaHHbie 
B 036 y>KueHHH Ha ueHTpax a30Ta. UlHpoKononocHbie cneKTpu penaKcnposaH- 
hmx coctohhhh Ha Tex >xe ueHTpax GaPN eme He HueHTH^nuHpOBaHbi. 
flencTBHTenbHo , b nocneuHnx cooOmeHHflx [181] noHBnnioTCH CBeueHHH 
06 o 6 Hapy>KeHHH UByx nonoc Ha H3onHpoBaHHbix aTOMax N b KpncTannax 
GaP c KOHueHTpauneH a30Ta <5*10 16 cm -3 . OuHa H 3 hhx — A* p (N Ha 
pnc. 3.1, a); BTopan ( 6 onee unHHHOBonHOBan) — 542,5 hm (npn 77 K b Ka- 
TOuonioMHHecueHUHH HMeeT nonyuiHpHHy ~~ 50 msB h OonbinoH ctokcob cubut) . 
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ed- 



ru. i .'(> ( ucKiphi (i>oroniOMMHecaeHiXHH nopoujKOB BiopiutTa npn 80 K. 

I-I-IIIII.IC / f HOpMIipOB&Hbl IIO M3KCHMyMy KpaCBOTO CBeMCHHflJ KpHBhie 4 — 5 — no 
mi, hmvmv niHcii iio/iocm cneKTpa 6. CoflepHcaraie KHcnopoaa b o6pa3uax: 0,1 (/) ; 

•• 1 o.i < W); 0.5 (4); 0,6—0,7 (5) h 1 moji.% ( 6 ) 


>i.i »>m.iuiaho, Aq -KOMnoHOHia cneKTpa penaKCHpoBaHHbix coctohhmh Ha 
m -mih .mo ra b GaP-N. CnenyeT oxcHAaTb aHanornn h ajih Apyrwx chctcm 
» ii i**» !i‘k ipuHHbiMH noByimcaMH B036yxcAeHHH, ecJTH Aaxce aah KOBanenr- 
hm\ |K‘iueroK coeAHHeHHH A 3 B 5 npHeivuieMo o6bHCHeHHe cneKTpoB c nc- 
ii.mi. uMuiiHCM MOAejiH (cm. pwc. 3.13, a), npeAnoKeHHoii ahh meJiowo-ra- 
iwn iiimx KpwcTajuTOB [257]. CneAyeT oxcHAaTb npn 3 tom yBejumeHHH 
M.ijn..-|M»u 'bifl o6pa30BaHHH penaKCHpoBaHHbix cgctohhhh b KOBajieHT^bix 

» j*iu 

i OcoGeHHOCTH CHHeft AKJMHHeCAeHAHH ZnS O. MoACJlb peJiaKCHpOBaHHHX 
IU. HiV/KACmiMX CGCTOHHHH Ha H 303 JieKTp 0 HH 0 H npHMCCH 06bHCH«eT VdKTKQ 
nr»*.»iopbie oco 6 eHHociH b noBeAeHHH CMHeH A\ 2 -nojiocbi moMHHecueHUHH 
ii /nS-O. )ra nonoca npeHMymecTBeHHo B 036 yx<AaeTCH npw Manwx jtjiot- 
\uh i>i\ ioku nynna, b to BpeMH KaK npn 6 ojibuiHX iuiothocthx B 036 yx<AeHHH 
-iinilliaiOICH nOAOCbl H 30 AHp 0 BaHHbIX ^ 4 0 -UeHTpOB. CHJIbHOe B 03 MymeHHe 
|h-iii.'ikh ojhokhch napoH yBenHWBaeT 3 (j)(j)eKTHBH 0 CTb 3 axBaTa 3 JieKTpoH- 
iiom no *Gy>KAeHHH A i t2 -neHTpOM no cpaBHeHHio c H 30 JiHpoBaHHbiMH noeym- 
i IM 1 I . 1 o. )rHM o 6 l>HCHHeTCH pa 3 JlHHHe eneKTpOB (J)OT 0 - H KHTOAOJIIOMHHeC- 


V l.llv I 1 7() 
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Phc. 3.27. CneKTpbi 4>0T0JiK>MHHecueHium (KpHBbie 1 ) h KaTononiOMHHecueHUHH (KpH¬ 
Bbie 2) nopoiuKOB c«}>aJiepHTa (c) h BiopuHTa { 6 ) npH 80 K 

a — KpHBbie HOpMHpOBaHbl IIO MflKCHMyMy nOJIOCbl 2,9 3B, 6— KpHBbie HOpMHpOBaHbl 
no MaxcHMyMy nonocbi 3,55 aB 


ueHUHH oahmx h Tex aæ o6pa3u;oB (pHc. 3.27). ripn (J)OTOJiK)MHHecueHUHH 
IUlOTHOCTb B036y>Ka i eKHH MeHbUie, H no3TOMy CHHHfl nojioca A 1>2 -UeHTpOB 
IipOHBJIHeTCH KaK OCHOBHafl (KpHBbie /), XOTH KOHUeHTpaUHH 3THX UeHTpOB 
b o6pa3ue MoaceT 6bHb cpaBHHTenbHo Mana, a b KaTOflOJiiOMHHecueHUHH 3Ta 
nonoca ocnaOneHa no cpaBHeHHio c nonocaMH A p nanbHHx nap (KpHBbie 2). 
npH OAHHaKOBblX KOJIH^eCTBaX KHCJIOpOAa OTHOCHTeJlbHaH HHTeHCHBHOCTb 
CHHeii nojiocbi Oonbiiie juir c<})anepHTa ^cm. pnc. 3.27, a), nocKOJibKy b Ky6n- 
MeeKOH dpyKType Sojibme noKajibHbie HCKaaæHHH, BHocHMbie ueHxpaMH 
KHCJIOpOfla. 

4. ÅHaJIOrHH CBOfiCTB H303JieKTp0HHbIX UeHTpOB B A 2 B 6 . PaCCMOTpeHHbie 
pe3ynbTaTbi CBHAeTenbCTByroi 06 oOiahocth npHponbi H303JieKTpoHHbix ueHT- 
poB b psme coeflHHeHHH A 3 B 5 , A 2 B 6 , A*B 7 . HcnoJib 3 yn oOHapyaceHHbie Ha 
ZnS-0 3 aKOHOMepHOCTH, oxapaKTepH3yeM ajih coeAHHeHHH A 2 B 6 c H30- 
3JieKTpOHHbIMH IipHMeCHMH BepOHTHOCTb Ha 6 jl IOAØHHH B HHX nOJIOC peJiaKCH- 
pOBaHHblX H He^JiaKCHpOBaHHblX COCTOHHHH. B naCTHOCTH, nO flaHHblM [170, 
171] oTMeqajiocb cpaBHHTenbHo Manoe conepa<aHHe KHcnopofla b CdS 
(< 0,1 moji.%) . OflHaKO KpHCTanjioxHMHqecKHe ocoOeHHocTH reKcaroHanb- 
HblX KpHCTajIJIOB CdS H ZnO He flaiOT OCHOBaHHH CrøTaib, WTO paCTBOpHMOCTb 
ZnO b CdS flon?KHa 6 wTb cymecTBeHHo MeHbiue, »ieM b ZnS. XapaKTep H 3 Me- 
HeHHH cneKTpa CdS npH paanHnHbix peaamax o 6 pa 6 oTKH (pHc. 3.28, fl, KpH¬ 
Bbie 1-4) aHajionweH KOHueHTpaitHOHHOH 3 aBHCHM 0 CTH cneKTpa ZnS-O. 
no røHHblM pHC. 3.28, fl, KOpOTKOBOJlHOBaH CepHH HOnOC KpaeBOTO CBeMeHHH 
”røcToro” CdS MoxceT 6 biib conociaBJieHa nonocaM A% (KpHBan 7), a Kpan- 
HHe ahhhhobojihob bie nonocbi cneKTpa "caMoaKTHBHpoBaHHoro” CdS — no- 
noce A? (KpHBan 4) . AHajiH3 cneKTpOB pnc. 3.28, a mo>kct 6 bHb cBHfleTejib- 
ctbom toto, 4to paCTBOpHMOCTb KHCJiopofla b CdS cpaBHHMa c ZnS, a c ne- 
pexoflOM k CdSe h CdTe Kaprana AonacHa 6 biTb cpaBHHMa c xanbKoreHHflaMH 
UHHKa. 

Cperø xajibKoreHHflOB uHHKa flocTaToqHo xopouio H3yqeHa CHCTeMa ZnTe • O 
(h ZnS • O) . TaK, Ann chctcmm ZnTe • O nonoca ^4 §-coctohhhh 1,986 3B,(cm. 
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Phc. 3.28. CneKTpbi (JiOTOJiiOMHHeciieHUHH CdS [323] npH 80 K {å) h KaTonomoMHHccueH- 
Uhh ZnSe [324] npH 10 K (6), a TaioKe uiTpHxjaHarpaMMa cneKTpav4 p - h >l Hp -cocTOHHHfl 
Ha KHcnopojmtJx ueHTpax b ZnSe (e) 


pHC. 3.2) KBJIHeTCH KJiacCHqeCKHM npHMepOM CBe^eHHH Ha H303JieKTp0HHbIX 
npHMecHx. B pHfle pa6oT, HanpHMep [325] , oTMenaeTCfl, hto 3toh nonoce co- 
nyTCTByeT oMeHb hht eHCHBHan nojioca CBH3aHHbix 3kchtohob 2,373 3B npw 
4 K, KOTopan, no HauieMy MHerøio, hbjikctch >lø P -nojiocoH Ha Tex xce ueHTpax. 
Moxcho cnejiaTb onpeAeneHHbie BbmoAbi h ajth HeHay^eHHOH b HacToamee 
BpeMB cncTeMbi ZnSe • O. IIpH nepexoAe ot ZnS k ZnTe pa 3 nnqHe cbohctb 
aHHOHHbix nap O-S, O-Se, O-Te aojihcho npHBoflHTb k yMeHbineHHio pacT- 
BopHMocTH KHCjiopoAa. 3to onpeAenaeTcn yBejinqeHHeM pa3HHAbi b HOHHbix 
paimycax: 0,05 (O-S); 0,053 (O-Se) ; 0,070 hm (O-Te), a TaKxce pa3HH- 
Abi aneKTpooTpHuaienbHOcieH aneMeHTOB: 1,0 (O—S) ; 1,1 (O—Se) h 1,4 aB 
(O—Te) (cm. Ta6n. 3.1). PacTBopHMOCTb KHcnopoAa b ZnTe, A^HCTBHTenbHo, 
cymecTBeHHO MeHbine, qeM b ZnS, h cocTaBJineT npH TeMnepaiype KpHdaji- 
jiH3auHH H3 pacnnaBa 10“ 3 mojt.% [163]. Xlnn ZnSe pacTBopHMocTb khcjio- 
poAa HMeeT npoMe>KyTo^Hyio b ejiHMHHy h, no AaHHbiM [326] , npHMepHO b 
1,7 pa 3 a MeHbine npn 1770 K, qeM y cynbtJrøAa UHHKa. Ha ocHOBaHHH H3y- 
qeHHH cneKTpoB ZnS • O (AaHHan pa6oia) h ZnTe • O [299, 306] moxcho 
3aKJlK)MHTb, 'ITO KHCJlOpOA AOJDKeH AaBaTb UeHTpbl 3aXBaTa B036y>KAeHHH H 
b ZnSe • O. FIocKOJibKy pacTBopHMocTb KHcnopoAa b ZnSe 6nH3Ka k pacT- 
BopHMoCTH b cHcieMe ZnS • O, to b cneKTpax ceneHHAa UHHKa npH BBeAe- 
hhh KHcnopoAa AOJi>KHbi HaSjiKJAaTb ch Te xce rpynnbi nonoc: ot n3onnpOBaH- 
HblX Og e -UeHTpOB H AaJIbHHX Os e — 1 Ose‘ na P AO 6jIH>KHHX Os e —Ose‘ na P- HpH- 

Mep cneKTpa ZnSe npHBeAeH Ha pwc. 3.28, 6. flHarpaMMa Ha pwc. 3.28, e xa- 
paKTepH3yeT oxcHAaeMbiH no aHanoniH c ZnS • O cneKTp KHcnopoAa b cene- 
HHAe AHHKa. 

PaccMaTpHBan Apyrne chctcmm aHHOHHoro 3aMemeHHH Ha ocHOBe coeAH- 
H6HHH A 2 B 6 , B KOTOpblX B03M0XCH0 06pa30BaHHe ueHTpOB 3aXBaTa BG36y)K- 
AeHHH, MOXCHO BblAeJIHTb CHCTeMy ZnO • S, B KOTOpOH AOJiaceH HaSjIIOAaTbCH 
cneKTp H30JlHpOBaHHblX ueHTpOB Sø‘ H Sq— So-nap. ÅHajIH3 3TOH CHCTCMbl 
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#aH b pasu. 4.5. CncieMa CdS Te HCCJieAOBana [162J h noBTopaex iiomth 
Bce 3aKøHOMepHocTH ZnS • O, b to speMH KaK cwcxeMbi ZnS Te, CdSe * Te 
h CdTe • S(Se) cne^yei cqnxaTb HeAoeraxoqHo H3yqeHHbiMH, HecMOTpn Ha 
uejibiH pau pa6oT [162, 304, 307. 308, 309], B qacxHoexn, b CHCTeMe ZnS • Te 
KopoTKoBOJiHOBan rpynna nonoc b KpaeBOH ofijiacxn Boo6me HCionoqaexcH 
[304] H3 cneKTpa Te b ZnS, xoth iionocfci, cooTBe rcxByjomHe >4^-coctoh- 
hhhm, no aHanoniH c chctcmoh ZnS - O cjieAyeT HCKaxb HMeHHo b 3ioh o6- 
nacTH. no-BMAWMOMy, H30jiHpOBaHHhiM ueHTpaM Te$ b ZnS cootb exciByex 
nojioca333,7 hm [304] ho He nonoca 380 hm, KOTopyio no tcm >Ke cooSpa- 
>KeHMHM CJieAyeT OTHOCHTb K penaKCHpOBaHHblM COCTOHHHHM Ha AlÅ~ 
A 3 -napax. y3KonojiocHbin cneKTp cBimHHoro Ha Te 3KCHTOHa AOJixceH ébixb 
pacnono>KeH eme b oonee kopoxkobojihoboh oGjiacxw, HeaænH nonoca A %. 
B UeJIOM CneKTpbl CBH3aHHblX 3KCHTOHHMX COCIOHHHH A Hp Ha H303JTeKTpOHHblX 
ueHTpax ne HccneAOBajiHCb ajih coennHeHHH A 2 B 6 . 


Tjiasa 4 

COECTBEHHblE TOME4HL1E flE<DEKTM, MX ACCOUMAUHM 
H BblflEJIEHHfl OKCMOA B CF1EKTPAX M3JiyMEHHB 
CyJIbOMflA UHHKA 

B HeaKTHBHpoBaHHOM cyjib<J)HAe uHHKa xoqeqHbie ue^eKXbi aojdkhm onpe- 
ACJiHTb Bce riponeccbr M3/iyqaxenbHOH peKOMOKHauHH h nomomeHHH, 3a hcktho- 
qemeM co6cxbøhho 3KCHTOHHbix cneKipoB. W3MeHeHHe THna coOcTBeHHbix 
xoqeqHbix Aec^eKTOB moxcct noBJiHnib Ha o6pa3osaHHe onxnqecKH aKtHBHbix 
UeHTpOB KaK B CaMOaKTHBHpOBaHHOM, XaK H B J1 erHpOBaHHOM noCTOpOHHHMK 
npHMecHMH ZnS. B qacxHocxn, oxiciOHeHHe ox ct exnoMeipnH npenonpeue- 
naex pacTBOpHMocxb KHcnopoAa b ZnS npH AaHHoii TeMnepaxype (cm. pa3A. 1.4) 
h Moxæx BJiHHXb Ha ran Ae^eKTOB, KoTopbie KHdiopoA o6pa3yex b oxom coe- 
AHHeHHH. 

€ 

4.1. BJIHflHME COECTBEHHblX AEO>EKTOB 

HA CnEKTPbl BHAHMOB JHOMHHECUEHHHH 

Oahhm H3 MexoAOB co3AaHHH b ZnS noBbimeHHOH KOHueHxpaurøi co6cTBeH- 
Hbix xoqeqHbix uecJjeKxoB HBJiaexca TepMoo6pa6oxKa b napax KOMnoHeHxoB. 
ComacHO unarpaMMaM pnc. 1.9, cynbcf^m UHHKa cymecTBeHHO pa3JTHqeH no 
Ha6opy coOcxBeHHbix xoqeqHbix uecJieKxoB, ecnn oh nonyqeH npn SojibniHx 
AaBjieHHHX napoB cepbi (V' Zn , Zn £ ), b6jih3H xoqKH P mc (V'z n , Zn f , V' Zn ) 
HJIH npH H36bIXKe UHHKa (Zn*, Vg, V^, Zn^.). B CBH3H C 3XHM paBHOBeCHblH 
OTxair npoBOAnncH npH AaBneHHHX napoB Pz n ~ 0,2—8 aTM hjih P$ 2 = 0,2— 
14 axM, a xaKXce npH uaBJieHHHX HacbimeHHbix napoB ZnS. I Inn 3aMopa>KHBa- 
hmh BbicoKoxeMnepaxypHoro paBHOBecHH Hcnojib30Bajiacb pe3Kaa 3aKajiKa 
o6pa3UOB b Boue. B KaqecxBe hcxoahmx ahh TepMoo6pa6oTKH Hcnonb30Bajmcb 
nopouiKH 3CZnS h 2//ZnS, a TaKace ckojim MOHOKpHcxajuiOB, BbipaineHHbix 
H3 pacnnaBa. KaK noKa3ajiH npeuBapHTenbHbie HCcneAOBaHHa, HanOonee qyB- 
ctb HTejibHbiMH k ycjioBHHM xepMoo6pa6oiKH 0Ka3anHcb MenKOAHcnepcHbie 
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iiojxmiKM c pa 3 BHT 0 H noBCpxHocTbio, KOTOpbie Mbi Hci 3 BaJiH nopouncaMH II rana. 
rnyjibTaTbi 3JieKTpoHHO‘MHKpocKonHMecKHX MccneAOBaHHH, xapaKTepH3yio- 
mnx pa 3 JiMMHbie ranw nopouiKOB, npHBeueHbi Ha pnc. 4.1, a onn mohokphc- 
I.IJIJIOB — Ha pHC. 5.1. 

I lo 3thm naHHbiM HCxouHbie nopouiKH II rana npeACTaBJiHioT co6oh Heorpa- 
lK IMIbie 3epHa < 1 MKM, CpOCIIIHeCH B KpHCTaUHHTbl C npOH3BOnbHOH npOCT- 
pmicTBCHHOH opHeHTauHeH (pnc. 4.1, fl). TepMoo6pa6oTKa nopouiKOB b napax 
* rpM h uHHKa npH 400-950 °C cna6o BJiHHer Ha hx nepeKpHCTannH3auHio, 
( vmh 110 cHHMKaM pHC. 4.1, 6, e, npw aaKauKe TaKHx npenapaTOB noene ot- 
rfvnra bo3momcho o6pa30BaHHe Ha no b epxHo cth TOHKoro enon (<0,1 mkm), 
no cocTaBy oTjiHHaiomerocH ot o6i>eMa. IIoBepxHocTHaH nneHKa apKO jik> 
MHiiecimpyeT y npenapaTOB ZnS • S h HMeeT noHHxceHHyio CBeniMOCTb y no- 
pouiKOB ZnS • Zn. Oixoir npH 1100-1200 °C npHBoUHT k nepeKpucTannnaa* 
unn icpeH, KOTopaa npoieKaeT b napax cepw 6onee atJxJeKTHBHo h conpoBox<- 
uaeicH yBejTHaeHHeM pa3Mepa 3epHa h noHBJieHHeM orpaHKH (pHC. 4.1, d). 
H napax UHHKa (pHC. 4.1, a) noene TaKOH o6pa6oTKH 3epHa HeonHoponHbi 
no pajMepaM. B ouiHMHe ot npenapaTOB II rana HcxouHwe nopouiKH I rana 
\apaKTCpH3yiOTCH KpynHblM 3epHOM 5—10 MKM C HeTKO BbipaxceHHOH orpaH- 
Koii, no cnoHCTOH HeoOTopoOTOCTbio b oOieMe 3epHa, ocoSeHHO noene TepMo- 
ohpaOoTKH b napax cepbi (pwc. 4.1, e ). B 3tom oTHomeHHH ohh nouoØHbi 
MonoKpHCTaJUiaM ZnS (cm. uanee pHC. 5.1). OcHOBHan Macca 3epeH nopom- 
kob I rana noene TepMoo6pa6oTKH b napax UHHKa onHoporøa b o6i>eMe, TaK 
akc kuk h nopouiKH II rana. 

Of>pa30BaHHe TonenHbix ue^eKTOB b ZnS npH BwcoKOTeMnepaTypHOH 06 - 
l>af>oiTcc b napax KOMnoHeHTOB Moxcei naBara nonocbi jnoMHHecixeHUHH b 

i ojiyhoH ~470 hm h HH(J>paKpacHOH oGnacrax cneKTpa (cm. pHC. 1,5). IIpH- 
rvieiBHe KHcnopoua bo Bcex HCxoAHbix npenapaTax uonxoio ycnoxcHHTb Kap- 
iii ny HjMeHeHHH cneKTpoB npn TepMoo 6 pa 6 oTKe, b naeraoera npw bwcokhx 
V pnmiHX B036y5KUeHHH 3JIeKTpOHHWM nyqKOM. I103TOMy Mbi BOCnonb3yeM- 
i» pejyjibTaTaMH HCcneuoBaHHH cneKTpoB (JrøTonioMHHecueHUHH. Ha pHC. 4.2 
npMBcneHbi cneKTpbi (JjoTonioMHHecueHUHH npenapaTOB 2//ZnS II h 3CZnS II, 
irpMoo 6 pa 6 oTaHHbix b napax cepw h UHHKa c 3aK3JiKOH. JJjin o6pa3UOB c 
n ihMTKOM uHHKa b bhahmok oGnacra cneKTpa npeoOnauaioT nonocbi khcjio- 
poji.nbix ueHTpoB A\ 2 . CaMoaKTOBaTopHan ronySan nonoca 466 hm cpaBHH- 
ic-ni*iio cnaSaa b 3rax ycnoBHax, b cnrcy qero, a TaKxce BcneucTBHe nocTaToq- 
non H jyqeHHoera 3Toro BHua cBeneram (cm. pa3U, 1.3) Mbi ee 3uecb He pac- 
< MarpMBaeM. Jln» npenapaTOB c h36mtkom cepw xapaKTepHo B03HHKH0BeHHe 
u jiomoi o cBeneHHH, KOTOpoe pa 3 BHBaeTCH b ZnS npn nporpeBe b napax cepw 
n no uaHHbiM pa 6 oT [174, 180, 284], CornacHo [107, 327], oho cymecTBeH- 
iio ycwjiHBaeTCH npn aKTHBHpoBaHHOM ynbTpa<])HoneTOBbiM oGnynemieM ot- 
aane ZnS b napax aTOMapHOH cepw. B nocneuneM cnynae 3 eneHan nonoca cbh- 
ii.iiiacrcH aBTopaMH paOoTbi [327] c V s . CornacHo paOoTe [121], 3 eneHoe 
nicieiiHc o 6 n 3 aHo V Zn , a no uaHHWM [174, 180] — Mexcy 3 enbHOMy khc- 
nopouy. 

OlMCTHM OCHOBHW6 OCOØeHHOCTH nonOCbl 3eneHOTO CaMOaKTHBHpOB3HHO- 

to cncqcHHH eynbejwua UHHKa. MaKCHMyM ee nexcHT npn 505 hm unn 2//ZnS • S 

ii npn 515 hm unn 3CZnS ■ S npn 80 K. IIpH KOMHaraoii TeMnepaType nono- 
( a iipeofwanaeT b cneKTpe h cnBHHyra b unHHHOBonHOByio CTopoHy npHMep- 
iio na 10 hm (pnc. 4.3, a), mto cooTBeTCTByeT TeMnepaTypHOMy H3MeHeHHio 


117 




Phc. 4.1. MHKpo<J)OTorpa(J)HH b cBeTe KaxoflOJiiOMHHecfleHUHH HcxoflHoro nopouiKa II 
Twna (fl) , TepMOo6pa6oxaHHoro npH 600° C b napax cepbi npH flaBJieHHH 2 axM (6) , npw 
950° C b napax UHHKa npn flaBJieHHH 2 axM (e) , npH 1100° C b napax UHHKa npw flaBJieHHH 
4 axM (?) , npn 1100°C b napax cepbi npn flaBJieHHH 1 axM (d), a xaioKe nopouiKa I xnna, 
xepMOo6pa6oxaHHoro npH 1100°C b napax cepbi npH flaBJieHHH 6 axM ( e ); yBejnweHHH 
12 000 (a, 6,e)\ 5 000 (e, d, é) 
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Pmc. 4.2. CneKTpbi «JjoTOJUOMHHecueHUHH npw 80 K nopoiuKOB 2//ZnS II (a) , xepMOoOpa- 
(Vitituibix npw 1100°C b napax cepbi npw naBJieHHH 0,2; 2; 6 h 10 aTM (KpHBbie 1 , 2, 3 , 4 
tuoTiieTCTBeHHo) h b napax UHHKa npw aaBJieHHH 0,2 h 1 aTM (KpHBbie 5 , 6 ) , h nopouiKOB 
ZnS II (6), TepMOo6pa6oTaHHbix npw 1000° C b napax cepbi npw flaBJieHHH 0,2; 1; 
ft; 10 aTM (KpHBbie 1 , 2 , 3 , 4 cooTBeTCTBeHHo) h b napax UHHKa npn jjaBJieHHH 0,2; 2 aTM 
(KpHBbie 5 , 6 ) 
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I } omn.ed. 



3V0 360 380 VVØ 520 600 



Phc. 4.3. CneKTpbi <J)OToniOMHHecueHUHH nopouiKOB ZnS II, TepMOo6pa6oTaHHbix b napax 
cepbi npH 1100° C 

a — cneKTpw XHHTbi npH TeMnepaTypax 300 (7), 230 (2), 110 (i), 102 (4) ,95 (5) 
h 77 K (6); 6 & cneKTpbi npH 77 K ftnn nopouiKa, nonyneHHoro c 3aKajiKoii (7), 6e3 
3 aKajiKH (2) , a TaK>Ke cneKTpbi B036y»meHMH 3eneHoro (l' t 2 r ) h KpaeBoro (7',2") CBe- 
HeHHB, coBnanaiomHe zuih nopouiKOB c pa3HbiMH ycnoBHHMH oxaajKfleHHH 


umpHHbi 3anpemeHHow 3 ohw ZnS. XapaKTep 3aTyxaHHH ee cno>KHbiH. Jlnn- 
TenbHocTb nocjiecBeqeHHH 3eneH0H jiioMHHecueHUHH H3MepneTCH ceKyH^aMH. 
IlocneAHee He xapaKTepHO jjjih 3eneHOH nonocbi oicc*ma UHHKa. 

CneKTpbi B036y»meHHH 3eneHOH nonocbi 505 hm 2//ZnS • S II npeflCTaB- 
neHbi Ha pwc. 4.3, 6 . KaK bhæho H3 pHcyHKa, ochobhoh MaKCHMyM cootbct- 
CTByeT B036y>KAeHHio qepe3 3oHy 2//ZnS. Ha kopotkobojjhobom cna^e 3toh 
nonocbi HaOjnoaaioTCH MHHHMyMbi npH jinHHax bojih, cooTBeicTByiomHx 3K- 
CHTOHHbiM A-, B C-nonocaM (CTpeJIKH). C flJIHHHOBOJIHOBOH CTOpOHbl npo- 
MepneTCH nonoca KHcnopoAHbix ,4g-ueHTpoB. KpoMe Toro, HaOjnoAaeTCH MaK¬ 
CHMyM B036yxcneHHH b oOnacTH 380—410 hm. CneKTpbi B036y>KÆeHHH xapaK- 
repn3yioT paccMaTpHBaeMoe 3eneHoe cBeqeHHe KaK cooTBeTCTByiomee ueHTpaM 
b pemeTKe He OKcnaa, a cynb^um uhhkh. ÅHajiorHqHhie cneKTpbi BoaOyxw- 
hhh HMeioT h o6pa3Ubi 3CZnS ♦ S. 

i?n 




npoaHajiH3HpyeM npenapaTHBHwe ycnoBHH bo3Hhkhob eHHH 3eneHofi nono- 
cbi b ZnS, Ha pwc. 4.3, 6 noKaaaHa 33BHCHMocib hhtøhchbhocth 3eneHofi no- 
jiocbi ot ycnoBHH oxnaxcneHHH: c 3aKariKOH h 6e3 3aKanKH. TaKoe cpaBHerofe 
Owno npoBeneHO Ann nap thh o6pa3uoB, nony^eHHbix npH oOTHaKOBwx tcm- 
ncpaiypax b AHana30He 900-1200 °C h i > Sj = 2 aTM. Kaie OKa3anocb, 3eneHan 
nonoca <J)OTOJTK)MHHecixeHUHH Gonee HHTeHCHBHa b o6pa3uax, nonyneHHbix 
0e3 3aKanKH (KpHBan 2) . ycwieHHio 3eneHOH nonocbi conyTCTBOBano yMeHb- 
mcHHe KOjiH^iecTBa pacTBopeHHoro KHcnopoua b yanax pemeTKH ZnS. IIocneA- 
iice mo)kho Obuio npocnennib no KopoTKOBOJiHOBOMy cABHry cneKTpa, coot- 
BCTCTByiOmerO pejiaKCHpOBEHHblM COCTOHHHHM Ha AajIbHHX napax Os-Os 
HJIH yMeHbUieHHK) HHTeHCHBHOCTH flJlHHHOBOHHOBblX KOMnOHeHT 3TOrO cneKT¬ 
pa, a TaK)Ke no namibiM peHTrøHOCTpyKiypHoro aHajiH 3 a. 3eneHaa nonoca 
Mo>KeT 6bnb noMTH nonHOCTbio norameHa npH nporpeBe o6pa3UOB b napax 
UHHKa (c 3aKanKOH), Korna KHcnopoA nepexoAHT b y3nw pemeTKH ZnS. 
Ila pHC. 4.4, a npencTaBneHbi TaKHe naHHbie ajih nopoimcoB 2//ZnS II, o6pa- 
OoraHHbix npn 1100 °C. K nofloØHbiM BbiBonaM npHBOAHT h pe3ynbTaibi hoh- 
hom HMnnaHTauHH KHcnopona b MOHOKpHCTannbi ZnS. Ecnn hohhoc nerapo- 
liaiiHe KHcnoponoM npoBeneHo npn 25 °C ao3oh 10 16 cm -3 h npn aHepniH 
40 ioB, to H3nyqeroie HoHHO-nernpoBaHHoro cnon npencraBneHO oneHb uih- 
[>okoh nonocon b CHHe-3eneHOH oSnacra cneKTpa (pnc, 4.4, 6, Kpirean 7). 
Ookht KpMCTannoB (npH 400 °C) npHBorøT k oOmeMy H3MeHeHHio cneKTpa: 
chiihh nonoca 430 hm 3aracaeT, ycHnHBaeTcn 3eneHoe CBeneHHe 515 hm, noHB- 
hmctch cneKTp najibHHx nap Os—Os b oOnacTH ^350 hm (KpHBan 2). Tlocne 
orxaiia, cyua no cneKTpaM penaKCHpoBaHHbix coctohhhh, coAepxcarøe khcho- 
l>v»ua b y3nax pemeTKH ZnS VMeHbinaeTc h, ho BbineneHHH OKCHAa, no naHHbiM 
lucjienoBaHHH b P3M, Mbi He oØHapyxauiH [328]. B OTpaxceHHbix aneKTpoHax 
r>M moxcho 6bino npocneflHTb 3a H3MeHeHHeM KOHueHTpaixHH KHcnopona 
h MHKpooObeMax cnon (cm. pa3fl. 5.2). Bo3HHKaioiuaH aeneHan nonoca no 
h it m naHHbiM conyTCTBOBana AH<t><t>y3HH KHcnopona k noBepxHo cth. 

AnajiorHqHbie pe3ynbTaTbi Obinn nonyneHbi h npn HH3KOTeMnepaTyp- 
iium crapeHHH nepecbimeHHbix KHcnopoAOM MOHOKpHCTannoB ZnS • O 
<|hk\ 4.4,e, KpHBbie i h l'). OzmaKO ecnH npw pacnane TBepnoro pacTBO- 
j»a w npoixecce crapeHHH h36mtok KHcnopona BbinennncH b BHne c<jx>pMH- 
punamncrocH h flocTaTOHHo coBepmeHHoro no CTpyKType OKcnna, Aaromero 
>kenroHHbiH cneKTp ZnO (pwc. 4.4, 6, KpHBaa 2), to HHTeHCHBHOCTb 3 ene- 
noi o n3nyneHHH pe3KO naAana. 

McniCAOBaHHH B paCTpOBOM 3neKTpOHHOM MHKpocKone (CM. pHC. 4.1, 6, d) 
iu>ka3i>iBaioT, *ito npn TepMOo6pa6oTKe nopomKOB ZnS b napax cepbi, kot- 
na paiBMBaeicH 3eneHoe CBeneHHe, Mbi He HaOnrøAaeM KpynHbix BwneneHHH 
uk cm; ui (cm. pa3A. 5.2), ho MOxceM HMeTb neno c HananbHOH CTanneH o6pa3o- 
nainiH ZnO. HananbHaH ciaAHH o6pa30saHHH OKCHAa (o6T»eAHHeHHe KHcnopo- 
;ia c uhiikom) b ZnS npennonaraeT nepeMeinemie KHcnopona b MexcyanHe 
H )^ K ), cMemeHHe k HeMy AHHKa (Zn,* ) h o6pa30BaHHe V'z„, a Heo6xoAHMbiH 
Kin nopoAy ahh oKHcnøHHH 3nCKTpoH (O^ + Zn,- + 2e ZnO) b OecnpHMec- 
iiom ZnS c HawOonbmeH BepoHTHocTbio MoxceT 6biTb saxBaneH y o6pa30BaBiireH- 
* h v; n . OOpamancb k AnarpaMMe paBHOBecHH co6cTBeHHbix To^eqHbix Ae(])eK- 
Kin 0 m. pnc. 1 .9) , mm bhahm, hto Becb HeoGxoAHMbiH ahh 3 to ro npouecca Ha- 
uup Me<|>cKroB peanH3yeTCH b ZnS c h36mtkom cepbi. 3to npenonpeAenner B03- 
mikHOHCflMC B Cynb4)HAe UHHKa CH36bITKOM Cepbi KOMIUieKCOB O,* • ■ Zn* , 
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Phc. 4.4. CneKTpaJibHbie xapaKTepHCTHKH 3 eneHott niOMMHecueHUHH npn 80 K cynwJ)Hiia 
UMHKa 

a ~ 33BHCHMOCTb HHTeHCMBHOCTH 3ejjeHOH <J)OTOJlK)MHHeCUeHUHH (nonocbi 505 hm) 
h KHcnopozxHbix nonoc 2 (420 hm), >lP (350 hm) h A 5 (365 hm) ot AaBJieHHH napoB 
UMHKa; 6 — cneKTpw k aTow^/noMHHecueHUHH MOHoKpHCxanjia cc&anepHTa, HOHHo-Jierapo- 
BBHHoro KHCjiopoaoM npH 25 C no30H 10 1 6 cm" 2 , uo (/) h nocne OTxcMra 400° C (2) ; e - 
cneKTpti KaroaonrøMHHecueHUHH MOHOKpHcrannoB 3CZnS, TepMoo6pa6oraHHbix npu 
11S0°C b napax cepbi (2) h uhhks, no ( 1 ) h nocne (i*) CTapeHH»; a — Moaenb ueHTpa 
3eneHoro cseveHHH 


KOTopwe MoryT npHHHMaTb yqacTHe b npoueccax peKOMØHHauHH. Bonpoc, 
qeM JIHMHTHpyCTCH HHTCHCHBHOCTb 3eJieHOH nOJIOCbl — KOHUCHTpaUHeH Oj HJIH 
^Zn* o6pa3yioiimxcH npH BbicoKOTeMnepaTypHOH o6pa6oiKe b napax cepbi, 
Mbl nonblTanHCb BbIHCHHTb, Hccnenyn 3aBHCHMOCTb HHTeHCMBHOCTH 3TOro CBe- 
qeHHH ot naBJieHHH napoB cepbi npn npoqnx nociOHHHbix ycnoBHHx TepMO- 
o6pa6oTKH. MccnenoBaHHH noKa3ajiM, *ito c ysejiH^eHHeM naBneraiH napoB 
cepbi ot 0,2 no 10 aTM HHTeHCHBHOCTb seneHOH nojiocbi noponiKOBbix npena- 
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paTOB ZnS • S II mna nocroHHHa, a npn >10 arM naace naflaer. Ilpn naB- 
jieHHHX Ps 2 > 10 aiM ckb^kom yMeHbiuaeTCH KOHueHTpauHH V Zn (cm. pnc, 1.9); 
3 ro cornacyeTcn c npeAnojioHceHHCM, mto 3a cBe^emie OTBeTCTBeHHbi khcjio- 
porøbie KOMIBieKCM, BKJllOMarømHe y ’ Ln . 

HecMOTpn Ha to mo otjkht b cepe npeAnonaraeT yMeHbiueHHe KOJiH^ecTBa 
KHcuopofla b ZnS, KoMimeKCbi V Zn Of yA^p^KHBaiOT KHcnopoA b pemeTKe. 
)to onpenenneTCH cTepHHecKHMH c})aKTopaMH: b ZnS c [V Zn ] > [Zn f ] (cm. 
pnc. 1.9) Me>Ky3ejibHbiH KHcnopoA cHHMaeT fle^røpMaiiHH, BHOCHMbie V Zn . npn 
>tom aTOMHbiH paunyc KHcnopoua (r Q x = 0,066 hm) coM3MepHM c pa3MepoM 
naxoAHmeroca b TeTpaaApHnecKHx nycTOTax HoHa UHHKa (r Zn y = 0,078 hm) , 
b to BpeMH kbk pa3Mep Me>Ky3ejibHOH cepbi (r s x = 0,104 hm) HaMHoro 6oJib- 
ihc (cm. pa3fl. 1.3). BbiBeAeHHK) KHcnopoAa H3 ZnS ch36htkom cepbi npennx- 
creyeT TaKHce Manan KonueHTpaHHH BaKaHCHH cepbi (cm. pnc. 1.9). B pe3ynb- 
raie 3Toro «H(J)(})y3 Hh KHCJiopona Aon>KHa ocyiuecTBjiHTbCH no Me>Ky3JTHHM. 
Ko3(J)(J)HiXHeHT AHcJxJjyaHH O* b ZnS c h36mtkom cepbi, oueHeHHbiw no abh- 
nbiM [284, 329], cocTaBHn (1 —5) • 10' 10 cm 2 • c 1 npn 950 °C. fleHCTBHTenb- 
no, b paSoTe [3] noKaaano, hto AH<})<i>y3HH xajibKoreHOB b KpHCTajinax A 2 B 6 
r mfibiTKOM xajibKoreHa ocymecTBJiHeTcn no Me>Ky3JiHHM. W TOJibKo b o6pa3- 
nax, liojiyMeHHbix npn npeAenbHbix naBJieHHHX napoB MeTanna, ocymecTBUHeT- 
oi bbicTpaa AH(})4>y3H h no b aKaHCHOHHoMy MexaHH3My. 11 pu 3 tom ko3(]><}>h- 
liueii r caMomn})(^y3HH xajibKoreHOB yBennnnBaeTCH Ha 3 nopnAKa. 

IIjih npenapaTOB c hhtchchbhoh 3ejienoH jnoMHHecn,eHUHeH mm HCCJienoBa- 
!im BjniHHHe h 3 Me He hm h hx KpHCTajuiHHecKOH dpyKTypbi Ha 3eneHoe cBeqe- 
tuie KaK H3BecTHo [330] , npH o6pa30BaHHH TBepAMx pacTBopoB BHeApeHHH 
< >hi, cm 3jieMe ht apHon hhchkh yBennnnBaeTCH. npn 3tom ecnn pemeTKa Ky6n- 
bcckhh, to B03pacTaex napaMCTp a. Unn reKcaronajibHOH cTpyKTypbi oahh 
napaMCTp MO>tceT \T3ejinanBaTbCH, a Apyron yMenbinaTbca, ho o6beM ajreMeH- 
iapiioH HaenKH B03pacTaex h b 3tom cnyaae. Unn ZnS npocneAHTb o6pa30Ba- 
mie 0/ b dpyKType c4>anepHTa aaxpyAHHTeJibHo, TaK KaK jiernpoBaHHe khc- 
noponoM npMBOAHT k cymecTBeHHOMy yBennqeHHio napaMdpa a H3-3a o6pa- 
«oMaima Ae^eKTOB ynaKOBKH. B dpyKType Brøpmixa npH TepMOo6pa6oTKe 
\\ napax cepbi mm HaOjuonajiH B03pacTamie c h yMeHbiueHHe a. Tlpn 3tom ko- 
iiii»ii*ctbo KHcnopona, pacTBopeHHoro b y3Jiax peineTKH, cyAa no H3MeHeHHio 
( mck rpa A p -coctohhhh, yMeHbinajiocb. HanpHMep, TepMOo6pa6oTKa noponiKOB 
ZnS 11 THna npn P$ 2 = 0,2; 1 btm flaBana H 3 MeHemie napaMeTpoB ot 0,62421 
u 0.381 92 cooTBeTCTBCHHo no 0,62524 h 0,38171 hm c norpeuiHOCTbio ± (2—4) • 

10 5 hm. OObeM aneMenrapHOH naeHKH yBeJnnmBaeTCH ot 0,23654 ao 

0,3 U)67 HM 3 , HeCMOTpH Ha B03M05KH06 BJ1HHHHC 06pa3yi0mHXCH BaKaHCHH 
miiiKa. AHanorHMHbie peayjibTaTbi 6 mjih nonyaeHbi h b paSoTe [174]. Ohm npn- 
itcneiibi Ha pnc. 1.13. CorncHo 3 thm ashhmm, npn npeAenbHOM bbcachmij khc- 
uopnna b ZnS aHOManbHo yBejiHHHBaeTcn o6beM 3JieMeHTapHOH nqenKH, cbh- 
m*M*JIbCTByH O BOSHHKHOBeHHH Ae^KTOB BHCApeHHH (O,*) . 

Tjikmm o0pa3OM, Bce 3KcnepHMeHTanbHbie (JjaKTbi cornacyrøTca c Bbæo- 
m.imh [H0, 81, 174, 274—284, 331, 332], ^to Me>Ky3eJibHbiH KncnopoA otbct- 
« i hui )a 3eneHyio jnoMHHecneHUHK) ZnS. 3to no3BOJiHeT oObHCHHTb h koh- 
ivvpeimHK) Me>KAy 3eneHbiM (Of) h chhhm (Os—Os) KHcnopotøMM CBeqe- 
imrM cynb(])HAa UHHKa. 

J l;i>l BbIHCHeHHH nOJlOJKeHHH ypOBHH, oSyCJIOBJieHHOrO KHCJIOpOAHblM UeHT- 
i >«»m 3ejieHoro CBCMeHHH, Bocnonb3yeMCH peayjibTaTaMH HeeneAOBaHHH [327]. 
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IIo aaHHMM 3toh paGcm, b ZnS nocjie o6pa6oTKH b napax aTOMapHOH cepbi 
B03HHKaeT ABa runa aKueniopHbix uenTpoB c rnyfaHHOH ypoBHen /f TepM , paB- 
HOH 0,58 H 1,05 aB. nepBblH H3 3THX ueHTpOB HA6HTH(})HIXHpOBaH KaK Vz n , 
hto nonHOCTbio cornacyeTCH c HauiHMH BbiBOAaMH. Biopon npeAnononcHTejib- 
ho 6bui oTHeceH k V§, xoth HMeHHO 3tot ueHTp onpeuejiHji, no aaHHbiM pa6o- 
Tbi [327], BQ3HHKHOBeHHe 3ejieHOH nojiocbi. KaK Mbi yxce oTMeqanH (cm. 
pnc. 1.5), nonocbi niOMHHeciiieHUMH, o6H3aifflbie BaKaHCHHM cepbi, cootbct- 
CTByioT HH^paKpacHon oSnacTH [84, 96, 87—90]. B qacTHocTH, bo3HHkhobø- 
hhø F + -neHTpa b ZnS conpoBO>KAaeTCfl noHBJienneM e ahhctbchhoh nonocbi 
jnoMHHecueHUHH 850 hm [85, 90]. Mbi nonaraeM b cbh3H c 3tmm, mo ypo- 
BeHb ^ T epM = 1,05 aB oOyoioBneH ko MiuieKcaMH — uernpaMH 3ejieHoro khc- 
jiopoAHoro cBøqeHHH ZnS, BKJirøqaioiuHMH Me>Ky3ejibHbiH KHCJiopou h BaKaHCHro 
UHHKa. npHBøneHHaH Ha pnc. 4.4, a aHepreimecKaH Monenb TaKoro ueHTpa 
cooTBøTCTByeT 3KcnepHMeHTanbHo HaOmoflaøMbiM nonocaM H3jiyqeHHH h bq3- 
6y>KAeHHH. BejmqHHa anepniH pejiaKcannH pemeTKH ZnS npn nepe3apHAKe 
ueHTpa cornacyeTCH c npHHHTbiMH unn npyrux coGctbøhhmx ToqeqHbix Ae^eK- 
tob (cm. pa3A. 1.3). B nacTHocra, unn 3eneHoro ueHTpa oHa HecKOJibKo 6onb- 
ine (~0,45 aB, cm, pnc. 4.4, ^), qeM y conyrcTByiomero eMy b ZnS • S ne- 
4>eKTa Vz n (~0,3 aB, cm. pnc. 1.5), mo Koppejmpyer c niyOHHOH ypoBHen 
3THX A6<])eKTOB 1,05 h 0,6 aB. 

4.2. KPAEBOE CBEHEHHE CyjlbQHAA UHHKA 

B CBH3H C npHCyTCTBHCM B ZnS KHCJIOpOAHblX JIOByilieK BQ36y>KAeHHH 
nO-HOBOMy CTaBHTCH Bonpoc O TOM ”KpaeBOM CBeneHHH” CyJIb(])HAa UHHKa, 
KOTopoe Obino oOHapyaceHo y qncTbix o6pa3UOB h cBH3bmaeTCH c cooctbgh- 
HbiMH ToqeqHbiMH ue(j)eKTaMii pemeTKH [333—345]. nocKonbKy b 3toh >kø 
CneKTpaJIbHOM oOjiaCTH HaMH HUeHTH^HUHpOBaH eneKTp pejiaKCHpOBaHHBIX 
COCTOHHHH, BKJIKmiomHH HaOop nonoc C 3KBH AHCTaHTHOH Z(9“CTpyKTypOH 
(CM. rn. 3), TO B 03 HHKaeT HeoSxOAHMOCTb BbIHCHeHHH, B KaKOM COOTHO- 
HieHHH Me>KAy C 060 H HaXOUHTCH 3 TH ABS BHAS CBeMCHHH. B QTJIHWe OT nOJIOC 
cneKTpa khcjiopoahhx ueHTpoB 6 yueM HaabroaTb CBeneroie, HccneuoBaHHoe 
B paOoTax 1333-345], AOHopHo-aKuenTopHbiM (AA) KpaeBbiM CBeqeHHeM, 
nocKonbKy cqHTaeTCH, mo oho oOycnoBJieHo uonopHo-aKuenTopHbiMH na- 
paMH. OxapaKTepH3yeM ocHOBHbie ocooeHHocTH ero - o 6 mHe unn pnna coe- 
AHHeHHH A 2 B 6 , b qacTHocTH ZnS. CdS, ZnSe, ZnO [9—12]. UeHTp Kpaeso- 
ro TlA-cBeqeHMH y bcøx KpHCTannoB A 2 B 6 BKjnoqaeT MejiKHH uohop c rny- 
6hhoh ypoBHH nopnuKa cotbix AoneK aneKTpoH-BOJibTa h aKueirrop c rny- 
6hhoh ypOBHH 0,1—0,2 aB. B cneKTpe KpaeBoro HA-CBeqeHHH oOHapyaceHbi 
ABe cepHH aKBHAHCTaHTHbix nonoc: KopoTKOBonHOBan h AnHHHOBOJiHOBaH — 
c maroM. paBHbiM npoAOJibHOMy onTHqecKOMy (JxmoHy. UnnnHOBonHOBan 
cepHH HaGmouaeTCH npn renneBbix TeMnepaTypax, b to BpeMH KaK kopotko- 
BOJiHOBan B03HHKaeT h ycHJiHBaeTCH npn TeMnepaTypax > 50 K. Hjih HHTepnpe- 
TauHH A»yx cepHH KpaeBoro ZIA-cBeqeHHH 6 buia npeAnoxceHa Monenb, cornac- 
HO KOTOpOH KOpOTKOBOJIHOBaH CepHH OnpeueJIHCTCH peKOMOHHaUHen CB 060 A" 
HblX 3JIØKTpOHOB C AWpKaMH, CBH3aHHbIMH Ha aKUCHTOpe, a AHHHHOBOJIHOBaH 
oO^HCHneTCH peKOMOHHauneH aneKTpoHa, cBH3aHHoro Ha MenKOM AOHope, 
c AbipKoil Ha tbkom >Ke aKuernope. no cymecTBy, toubko AnHHHOBOjiHOBan 
HM 3 KOTeMnepaxypHaH cepHH o6H3ana ,IIA-peKOM(aHHauKH. 
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CornacHo TeopRH [118, 340], KpaeBoe CBeqeHHe A 2 B 6 hbjth6tch npeAe- 
jiom cneKipa ,HA-nap h o6ycnoBJieHo nanoKeraeM hhhhh AanbHHx nap [346], 
C KopoTKOBonHOBOH cTopoHbi ot nmpoKHx nojioc cneKTpa KpaeBoro CBeqe- 
iimh npH rejiHeBbix leMnepaiypax oOnapyxceH HaOop y3KHx hhhhh, oOycjioB- 
jicHHbiii JXA-napaMH c MenbimiMH paccTOHHHHMH Me røy flOHopoM k aKiijen- 
TopoM. KaK noKa3aHo b [346], BKjia a 3thx nap b CBeqeHHe A 2 B 6 HecyiuecTBeH, 
a pacmHcJjpoBKa cneKTpa laTpyAHeHa. 3to o&bHCHHeTCH HecTaSitribHocTbK) 
Ohhxchhx nap b npHM030HHbix nonynpoBOffHHKax, nepeKpbiTHeM nx oqeHb 
HHTCHCHBHblM B 3THX COe^HHeHHHX OieKTpOM CBH3aHHbIX 3KCHTOHOB, a TaKrø 
’ipC3BbiqaHHO CHJTbHblM B3aHMOfleHCTBHeM C (J)OHOHaMH BCØX U,eHTpOB b A 2 B 6 , 
b cbh3H c qeM 6ect})OHOHHbie jihhmh noqra Hepa3nnqHMbi. B reKcaroHajibHbix 
KpHcxajmax cneKTpw nap h hx HHTepnpeiauHH vcjioxchhiotch aHH30TpoimeH 
ah 3JieKTpHqecKOH npoHHuaeModH. 

J\jm cyjib(|)Hna UMHKa KpaeBoe CBeqeHHe flA-nap nccnenoBaHo b paOoie 
[333]. Ha reKcaroHajibHbix KpHcxannax ZnS 6buiaoØHapyxceHa cepHH nonoc 
c rojioBHon hhhhøk 337,0 hm npn 4,2 K, HMeioman nocnecBeqeHHe Annienb- 
nocTbio ao 10" 2 -10 _1 c, npnqeM cneKTp nocnecBeqeHHH cMemancn npn 3aTy- 

B AJIHHHOBOJIHOByiO CTOpOHy. 3TO MOXCCT 6bITb CBHAeTejIbCTBOM TOTO, 
«HO AJIHHHOBOJTHOBblM yqaCTK3M nOJIOCbl KpaeBOTO H3nyqeHMH COOTBeTCTBy- 
IOT ueHTpbl C OojTbiUHM BpeMeHeM >KH3HH. OpH VBeJIHqeHHH HHTeHCHBHOCTH 
uoiOyrøeHHH 6buio oOHapyxceHo kopotkobojihoboc CMemerøe nonoc. Ta- 
khm o6pa30M, HccjieAOBaHHbie ocoOeHHocTH KpaeBoro HA-CBeqeHHH ZnS 
OKaiaJTHCb T3KHMH XCe, KaK H AAH flOHOpHO-aKUCnTOpHOH peKOMOHHaUHH, 
m »yqeimoH neTanbHO Ha coøahhøhhhx A 3 B s , b qacTHocTH GaP [337]. 

Ila pHC. 4.5 npHBCASHbi cneKTpbi KpaeBoro CBeqeHHH nopouiKOB ZnS (no 
,'i.aimbiM HamHX HCCJieAOBarøiH) c pa3jmqHbiM coAeprøHHeM pacTBOpeHHO- 
i o KncnopoAa. fljm npenapaxa ZnS « S I Tuna c MHHHMajibHbiM conepxca- 
imcM pacTBopeHHoro KHcnopoAa npn 4 K oTqemHBO BbiciynaeT cepHH nonoc 
» ioiiobhoh jiHHHeH 337,0 hm (pnc. 4.5, a). 3Ta cepHH npeoønanaeT npH HH3- 
koii icMriepaiype, h ee (J)OHOHHbie nonTopeHMH onpenenHioT dpyKTypy ahhhho- 
iKiimoBoro Kpan nonocbi. CepHK) TpyAHo conociaBHTb KaKHM-jinOo HCKJiioqH- 
ioin.iio npeoGnanaiomHM AanbHHMO s —Og-napaM, xaK KaK, cornacHo Tafrn. 3.4, 
i« ickcaroHajibHOH pemeTKe b 3thx ycnoBHnx adjihchm Obuik 6bi npeoGnanaTb 
oojin* K(ip f )TKOBonHOBbie rpymibi nonoc Og— Os-ueHTpoB. C noBbimeHHøM 
n‘Miieparypbi ao a30TH0H Mbi h HaGmoAaøM TaKoii 6onee cnorøbm cnøKTp, 
KOMiioncHTbi KOTOporo He yKnaAbmaiOTCH b oahv cepHjo c ronoBHow HHHKeH, 
•■oniBCTcrfiyiomeH 333,4 hm, no AanHbiM [119, 120]. CornacHo pnc. 4.5, ø, 
II<»IHJIHK)TCH KOpOTKOBOHHOBbie nOnOCbl 328 H 330 HM, KOTOpbie MOXCHO 
iimepnpeTHpoBaTb kbk h A p xs — >^ 3 , a mbk cHMyMbi 335 h 339 hm cootbct- 

mivioT no cneKTpanbHOMy nonoxceHHfo HanGonee HHTeHCHBHbiM rpynnaM 
I 1 /; h .4% nonoc cuøKTpa KHcno po AHbix noByineK b 2//ZnS (cm. Ta6n. 3.4). 
r mc fx>nee AnHHHOBonHOBbie MaKCHMVMbi hbhhiotch yxce cynepno3HAHeH 
(|ionoimbix noBTopoB 3 Thx nonoc. 

IIo-hhahmomv, npH HH3KHX TeMnepaTypax (4 K) b cnyqae Manbix koh- 
m-inpauMH pacTBopeHHoro KHcnopoAa b KpaeBbix cneKTpax ZnS HaGnioAaeT- 
‘»« o;i.mi thi! CBeqeHHH — CBeqeHHe flA-nap, BKnioqaiomHx Ae4>eKTbi c oqem> 
MCII kli MH y pOBHHMH. B TO BpeMH KaK npH 77 K AHH TeX >Ke o6pa3UOB npoHB* 
lunoica nojiocbi A p KHcnopoAHbix ixeHTpoB. ripeoGnaAaHHe CBeqeHHH JXA-nap 
rniji. kiicjmpoAHMMH /4 p -nonocaMH npH 4 K o&bHCHHeTCH t eMiiepaTypHOH 3a- 
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Phc. 4.5. CneKrpw <J)OToniOMHHecueHUHH npH 4 k 77 K (KpHBbie 1 ta 2 cooTBercTBeHHO) 
noponiKOB TepMOo6pa6oTaHHbix b napax komiiohchtob h coaepacamKx 0,1 (a); 
0,3 (ff) ; 0,4 ; 0,6 (e) moji.% KHCJiopona 

a - 2//ZnS l,1100°C,/ > s ^°» 5 stm; 6 ~ 2//ZnS 11,1100°C, Ps = 2 atM; e- 
3CZnS II, 800°C,Ps 2 = 2 stmj^ - 2/7 ZnS 11, 1200^ C, P Zn ~ 0,2 btm 2 

BHCHMOcThio penaKCHpoBaHHbix coctohhmh. ITo ftaHHbiM [257], penaKcauMH 

CnOCo6cTByiOT (J)OHOHbI, H03T0My MaKCHMaJlbHOH HHTøHCKBHOCTH JllOMHHe- 

cueHujiH A p cooTBeTCTByroT TøMnepaiypbi 70—100 K. IlpH hm3khx TøMnøpa- 
xypax KOjiHMecTBO pønaKCHpoBaHHbix coctohhmh 3aMeTHo yMenbiuaeicH, noa- 
TOMy H3nyqaTejibHan pøKOMOHHaiiHH hact qcpe3 Apyrne KaHaJibi, b Hacrnoc- 
th AOHopHo-aKUtenTopHbie napw, A Hp h Ap. [257]. C yBøjiHMøHHøM coAepxca- 
hhh KHcnopoAa b nopouiKax 2/fZnS S II THna (cm. pnc. 4.5, 6) nojiocbi 
KHCnopoAHbix JioBymeK B036y>KAeHHH A p npoHB ahjfqtch h npu rejmeBbix 
TøMnepaTypax HapHAy c BecbMa hhtøhchbhoh aahhhobojikoboh cepHen Kpae- 
Boro flA-CBøHerøiH. AHanorHHHoe nonoacøroie HMeeT MecTo h ahh KyOnqe- 
CKHX KpHCTaJlJIOB (CM. pHC. 4.5, 6) , y KOTOpblX TOJIOBHaH JIHHHH AAHHHO- 
BOJIHOBOH CØpHH COOTBØTCTByøT 344,0 HM, a KOpOTKOBOJIHOBOH — 340,5 HM 
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[108, 119]. Coflep>KaHHe KHcnopona b nccnepyeMOM nopouiKe 3CZnS • S 
II rana HecKonbKo Oojibiiie, qeM b reKcaroHanbHOM (cm. pnc. 4.5, 6), noaio- 
My GoJibuie m BKjiaA cneKTpa KHCJiopoAHbix uempoB. M HaKOHeu, w ih nopoui- 
Ka 2//ZnS • Zn II rana (cm. pnc. 4.5, e) yBenmeime Konmecrm pacraopeH- 
Horo KHcnopoAa npHBOAHT k to My, mto h npn 4 K mm He HaSnioAaeM cneKT- 
pa XlA-nap, a npeoOnanaioT bo bccm nnana30He TeMnepaTyp 4—77 K nonocbi 
A p Ha KHcnopoAHbix naJibHHx napax Os-Os, 

TaKHM o6pa30M, ajih cynb<J)Hna miHKa cneKTp H3JiyqeHHH b KpaeBOH 06- 
Jiacra CJ10)KHbIH B OTJIHMHe OT CdS. 3TO o6*bHCHHeTCH TeM, HTO KOHUeHTpaiXHH 
KHCJlOpOAHblX UeHTpOB aHHOHHOro 3aMeujeHHH B HCOie^OBaHHblX KpHCTajI- 
jiax CdS 6buia cymeciBeHHo MeHbine. CornacHo [170, 171, 347, 348], mo>k- 
ho CAenaib Bbmofl, mo o6bWHO conepxcaHHe pacTBopeHHoro CdO b CdS He 
npeBbiuiaex 0,1 moji.%. Unn ZnS O npw tbkhx KOHueHTpaiiKHx pacTBopeH- 
hoto KHcnopofla b cneKTpax HanyqeHHH HaGmonaeTCH tojibko A g-cepHn no- 
JlOC, oOyaiOBJieHHaH HSOJIHpOB aHHbIMH Og 'UeHTpaMH, a AOnOHHHTejlbHOe 
noniomeHHe b oOnacra Kpaa (^ynAaMeHTajiMioro nomomeHHH eme cjja6oe. 

IlpHcyTCTBHe KHcnopoAa b ZnS o6t>hchhct BecbMa nporaBopeqHBbie 3a- 
bhchmocth hht eHCHB ho era KpaeBoro CBeqeHHH ot ycjioBHH npoKajiKH pa3- 
jihhhmx npenapaTOB b napax KOMnoHeHTOB. TaK, Ha pHc. 4.6, a npHBeAeHH 
cneKTpbi KaTOAomoMHHecueHUHH MGiioKpHCTanjiOB c^anepim, npoKaneH- 
hmx b napax cepbi (KpuBbie 1—4) h uHHKa (KpnBbie 7-4 ) npn 1150°C 
1209, 270]. Bce KpHBbie HopMHpoBaHbi no MaKCHMyMy KpaeBOH niOMHHe- 
CUCHUHH, a HCTHHHaH 3EB HCH MO CTI> HHT eHCHB HO CTH CBeqeHHH 3THX o6pa3H,OB 
or AaBjieHHH napoB komhohchtob AaHa Ha pnc. 4.6, 6 . Kaie bhaho, Kpaesoe 
cBeqeHHe MOHOKpHCTaiuioB npeflCTaBJieHo rpynnow noqra HepaapemaioxnHxcH 
iiojioc. Ilpn 3tom y iicxoHHoro o6pa3ua (cm. pHc. 4.6, a 9 KpHBa n 5) npoHB/raeT- 
ch /Ig-nonoca 335,5 hm h rpynna nonoc c mek ch My mo m 342-344 hm. Ilpn 
upoKanKe b napax cepbi ycHJiHBaeTCH rpynna nonoc c MaKCHMyMO m 340 hm, 
cneKTpanbHo coBnaAaiomaH c KpaeBMM ÆA-CBeqeHHeM cd>anepHTa, ho He c 
naHOonee kopotkobojihobbimh nonocaMH KHcnopoAHoro cneKTpa (cm. 
■rafiji. 3.4). 3t a rpynna nonoc c yBenHqeHHeM AaBneHHH napos cepbi pacTeT 

IIO HHTCHCHBHOCTH, a lipHCyTCTBOB3B 1113.H B HCXOAHblX KpHCTaJUiaX /Ift-nOJlOCa 
noqra Hcne3aeT. HHieHCHBHOCTb 3KCHTOHHoro CBeqeHHH npH 3tom naAaei, 
cHHAeTenbCTByH o pocTe Ae<J>eKTHocra peineTKH, Cy ah no H3MeHeHHio napa- 
Mcrpa peineTKH (cm. pnc, 4.6, 6 , KpHBan 3), coAepacarøie pacTBopeHHoro 
KHCJiopoAa b o6pa3uax yMeHbinaeTCH vace npH Manbix AaBneHHHx napoB cepbi 
npn repMOo6pa6oiKe. CyMMa 3thx 3KcnepHMeHTanbHbix 4>aKTOB no3BonneT 
ciHiaTb, hto pocT HHTeHCHBHocra KpaeBoro CBeneHHH MOHOKpHcTannoB ZnS, 
njH)KajieHHbix b napax cepbi, oOjmH yBejmqeHHK) b oOpasuax ueHTpoB XLA-pe- 
KOMOHHaAHH. 

I loene TepMOo6pa6oTKH b napax UHHKa KonnqecTBO pacTBopeHHoro khc- 
jiopona b o6pa3i|ax Sontiue, qeM b ZnS • S. CneKTp KpaeBoro CBeqeHHH 
(|)nc. 4.6, a) kx MeHHeTcn: npeoånaAaiomeH cxaHOBHTCH /Ig-nonoca khcjio- 
poniioio cneKTpa, a cBeqeHHe b o6nacra 340—350 hm oqeHb cnaGoe. ItereH- 
4 nnnncrh Afi-nonocbi (h rpynnbi A %-nonoc) c poctom naBJi ewn napoB uhh- 
k;i a<> 5-6 aTM BHaqane yBennqHBaeTCH, a saTCM, npH P Zn = 8 aTM, HecKonb- 
ivm yMCHbinaeTCH. TIocneAnee conpoBo>KAaeTCH aahhhobojihobmm cABHroM 

moHHoro cneKTpa ZnS * O. JJjih mohokphctbjuiob 3 to paaBHBaeTca b 
noiiepxlIOCTHOM cnoe TOnmHHOH HeeKOJTbKO MHKpOH, a B OØBeMe MOHOKpHC- 
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Phc. 4.6 CneKTpbi KaxoAOJiioMHHecijeHUHH npw 80 K MOHOKpHcxanjioB c<})ajiepHxa (ø), 
Hcxoimoro (5) h oxoMOKeHHbix b napax cepbi {1-4) mjih uwHKa {f 4) npn flaBJieHww 
1 (7); 2 ( 2,1'); 3 (J); 6 (2')- 7 (*'); 8 (4) ; 12 (4) etm, a TaioKe lasHCHMOCTH (£>)hh- 
TeHCHBHocxH KpaeBofl (7), /l hp -3KCHTOHHott (2) JiiOMHHecueHUHH m napaweTpa pemeTKH 
(j?) ot flaBJieHHB napOB komitohchtob npH TepMOo6pa6oxKe (P^n -Ps — 0 cooTBeTCTByeT 
HcxoflHOMy o6pa3uy) 

TaruioB ZnS ■ Zn xapaKiepHO B03HMKH0BeHMe cKonneHHH KHcnopofta (cm. 
pa3A. 4 . 4 ). Tax&M o6pa30M HHTeHCHBHOCTb KpaeBOH nonocbi MeHaeTCH npw 
TepMoo6pa6oTKe tojibko npw cpaBHHTenbHo HeOojibiuoM co^ep>KaHHH khc- 
jiopoAa b hcxootom ZnS, KaKoe Mbi hmcjih b MOHOKpHCTajuiax pacrmaBHbix 
c4>anepHTOB. 

KaTOAoiiioMHHecueHUHH nopomKOB 2//ZnS I THna b KpaeBoii oOnacTH 
MO>xeT cymecTBeHHo yBejiHqHBaTbcn npn TepMoo6pa6oTKe b napax ijHHKa 
h yMeHbmaTbc» b pe3yjibTaie TepMoo6pa6oiKM npn Majiwx AaBJieHHHX napoB 
cepbi (pHC. 4.7, a, e, KpHBan 7). 3to CBjmHo c n3MeHeHweM b TaKHx nopoui- 
Kax KOHixeHTpauHM pacTBOpeHHoro KHCJiopojja (pnc. 4.7, 2, KpuBan 2). B pe- 
3 ynbxaTe c yMCHbineHHeM ko HueHxpaunn khcjio pop,a npn npoKajiKe b napax 
cepbi ot 0,2 jx o 5 aTM 3aracaeT H3jiyqeHHe Os- Os-ueHTpoB, abioiuhx ochob- 
HOH BKJia^ B HHTeHCHBHOCTb KpaeBOTO CBeqeHHfl (pHC. 4.7, a), ripn 3HaqH- 
tenbHbix aaBjieHHHX napoB cepbi (8 aTM) yciuiHBaeTCH CBeqeroie flA-nap c xa- 
paKTepHOH 3KBHflHCTaHTHOH CTpyKTypOH (pHC. 4.7, a) H HHTeHCHBHOCTb CBe- 
qeHHH b KpaeBOH o6nacTH chobb paCTeT (cm. pnc. 4.7, e, KpHBan 7). Mb jtom 
cnyqae npn hccji eflo bbhhh H3MeHeHHH hhtchchbhocth cvmmbphoh rionocbi 
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I*HC. 4 . 7 . SaBHCKMOCTb HHieKCHBHOCTH 
K;ux>aoniOMHtiecueHUHH iipH 80 K no- 
poiuKOB ZnS (a, 6, e h e, KpHBtre 

/ i) h conepacaHKJi pacTBopeHHOro 
H HKX KHCHOpoaa (c, KpMBbie 4-6) 
or ycnoBHti TepMOo 6 pa 6 oiKH b napax 
KOMHOHeHTOB npw 1100 ( 2 //ZnS) M 
1000 ° C ( 3 CZnS) 

Hn4 } P bl y KpHBbix - aaeneHHe nn- 
poll cepbl H UHHKa (b 3TM) npM TepMO 
oOpa6oTKe 



ivpaenoH jiKJMHHeci^eHii^HH ZnS Mbi Haojiio^aeM zxBa rana pasjiHqHoro no npn- 
|m>ac cBeqeHHH. llpn coAepwaHim KHcnopona 6onee 0,1 moji.% npeo6jia&aeT 
u uiyMCHHC A v ua KnejiopoAHbix Os-ueHxpax n AæibHHx napax Qs^Os, a b 
/.nS c coAepxaHHeM Knoiopona MeHee 0,05-0,1 moji.% - cBeqeHHe flA-nap. 

KoHKypeHmiH Memiy iipoueccaMH peKOMOnHaunn Ha HA-napax n Ha khc- 
UOpojlAblX UeHTpaX BbIHBHHeTCH H C H3MeHeHMeM ypOBKH B036y>KAeHHH, B MaCT- 
immi, npn nccneAOBaHHH cneKTpoB 4 >oto- h KaTOAOjnoMHHecueHiniH. Tan, 
jin>i nopouiKOB ZnSII b KpaeBbix cneKTpax (fxjTomoMHHecueHurø nocne 
ic*l>Moo6pa6oxKH b napax cepbi Ha6jiK>AaexcH npenMymecTBeHHO AA-cepHH 
iiimioc (cm. pnc. 4,2), h HHxeHCHBHocxb 3Xoro CBeqeHHH B03pacxaex c AaBJie- 
iiiu*m napoB cepbi, xoth b KaxoAOJiiOMMHecueHAHH Tex x<e npenapaTOB, KaK 
iMMv;naHo Ha pnc, 4.7, 6, e, HHTeHCHBHOCTb KpaeBoro CBeqeHHH 3CZnS h 
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2//ZnS (cm, pHc. 4.7, KpHBbie i h 4) KoppejiHpyeT c yMenbiuaiomeHCH 
npn TaKOH o6pa6oTKe KOHueHTpauHen pacTBopeHHoro KHCJiopoAa (cm. 
pHC. 4.7, KpHBbie 5 h 6). TaKHM oøpaaoM, Ha oahhx h Tex >Ke npenapaiax 
npH Majibix HHTeHCHBHOcTBX B036y>KfleHHH Mbi Ha6nK)AaeM cBeqeHHe JlA-nap, 
a npH 6ojibuiHX - peKOMØHHauHK) Ha KHCjiopoAHbix ueHTpax. TaKoe nonoaæ- 
HHe cnpaBeAnHBo, eaiH [O s ] < 0,1 moji.%. 

npH OoJIblHHX KOHlXeHTpailHBX pacTBopeHHoro KHCJIOpOAa B ZnS, KOHja 
CBeqeHHe KncjiopoAHbix ueHipoB npeoOnanaeT, HHTeHCHBHocTb KpaeBoro cneKT- 
pa nioMHHecueHUHH 3aBHCHT ot apyrwx 3(J)(J)eKTOB. B qacraocra, npH TepMo- 
oOpaSoTKe b napax UHHKa nopomKOB ZnS I THna h Soraraix KHCJioponoM 
nopouiKOB ZnS 11 rana Mbi iiojiyqjtnH nporaBopeqHBbie Ha nepBbiH b 3 fjih^ 
pe3ynbTaTbi: KpaeBoe CBeqeHHe ycKJiHRanoch ahh npenapaTOB 1 rana, ho 3a- 
racano aha npenapaTOB II rana. AHariH3 conep>KaHHH b hhx KHcnopona no- 
Ka3an, mo TepMOo6pa6oTKa b napax UHHKa nopomKOB ZnS II rana, cnoco6- 
crayH AonojiHHTejibHOMy pacTBoperono b hhx KHcnopona jx o 1 moh.%, npn- 
BOAHT K H3MeHeHHIO CTpyKTypbl cneKTpa H3Q3JieKTpOHHOH npHMecH, a HMeH- 
ho, H3-3a ycHJieHHH H3JiyqaiejibHOH peKOMfsHHauHH Ha Ojihxchhx napax Kpae- 
Boe CBeqeHHe CMemaeTCH b AnHHHOBOJiHOByio CTOpoHy no 345—353 hm h 3a- 
racaeT (cm. pnc. 4.7, e) . IloAoGHaH CHTyanHH HMeeT mccto b cneKTpax $oto- 
H KaTOAOJIIOMHKeCUeHUHH nopouiKOB. 

TepMooGpaooTKa b napax UHHKa Oennoro khcjiopoaom nopouiKa 2//ZnS 
I rana cnocoScTByeT pa 3 ropaHHK> cBeqeHHH b KpaeBon o6jiacra, tbk KaK co- 
AepxcaHHe pacTBopeHHoro KHcnopona b hhx, xoth h yBejiHqHBaeTcn, ho He 
npeBbiuiaeT nocne TepMOo6pa6oTKH 0,35 moji.% (cm. pnc. 4.7, IlpH Ta- 
khx KOHneHTpaimnx, KaK Mbi OTMeqajiH b paan. 3.4, HawOojiee 3(])4)eKrHB- 
Ha H3nyqaTenbHan peKOMOHHanHH A p Ha nanbHHx O s -Os-napax. 

yqHTbEBaH Bce 3<j)<})eKTbI, CBH33HHbie c npHCyTCTBKeM KHCJIOpOAa b ZnS, 
moxcho aaKJiioqMTb cJienyiomee. CBeqeHHe HA-nap, AeHcTBHTejibHo, HaOnio- 
naeTcn b KpaeBon oønacra cneKTpa cyjib<J)HAa UHHKa, ho Jimiib npn kohacht- 
panHHX H303jieKTpoHHGH npHMecH MeHbine 0,1 moji.%. Oho npeoénanaeT npn 

HH3KHX HHT6HCHBHOCTHX B036y>KAeHHH H reJTHeBblX TCMnepaTypaX, yCHJlH- 
Bancb b oGpaauax, TepMoo6pa6oraHHbix b napax cepbi. Tlo cneKTpanbHOMy 
nojioxceHHio^iepHH nonoc HA-CBeqeHHH coBnanaioT c HCCJienoBaHHbiMH b pa- 
6oTax [119, 149, 333]. CorjiacHo cneKTpæibHOMy nonoKemno ronoBHbix 
jihhhh cepHH, no naHHbiM [149], rnyOHHa 3HepreraqecKHX ypoBHeii AC(})eK- 
tob b flA-nape cooTBøTCTByeT 0,2 aB (ot E v ) h 0,04 aB (ot E c ). Ilojiocbi 
KpaeeoH (JjoTojnoMHHecueHiiHH JXA-uap cMemaioTCH c noBbmierøieM TCMne- 
paTypbl c K034)(})HIXHeHT0M 2 * 10” 4 3B/K AJ1H Bcex nOJIOC cepHH. npH 3TOM 
KpaeBoe CBeqeHHe saiyxaei npn Harpe bskkh no 120-130 K 3HaqHTejibHo 6bicx- 
pee, qøM ocrajibHbie nonocbi cneKTpa. 

Ujih nojiyqeHHH AonojiHHTenbHbix cbcachhh o npnpoAe ueHTpoB, oraeT- 
ciBeHHbix 3a JJA-peKOMØHHauHio, 6bbiH HccneAOBaHbi MOHOKpncTannbi, a 
T3K>Ke nopouiKH ZnS, nonyqeHHbie pa3HbiMH MeTOAaMH. Ha pnc. 4.8 nprøe- 
AeHbi cneKTpw k aTonon kjmhhc cuemiHH MOHOKpHCTæuioB, BbipameHHbix paa- 
jiHqHbiMH MeTOAaMH nepecyOjiHMarøH H3 ra30BOK <j>a3bi (KpHBbie 3 r 4) , a 
T3K>Ke H3 paciuiaBa (KpHBan 2) h rHApoiepMajibHbiM chhtc3om (KpnBan 7). 
KaK bhaho H3 pncyHKa, nojiocbi b oGnacra KpaeBoro flA -CBeqeHHH 3CZnS 
340 hm ycHjiHBaioTCH ahh Bcex o6pa3UOB, BbipameHHbix b HeHTpajibHbix yc- 
jiobhhx hjih npH H36biToqHbix AaBjieHHnx napoB cepbi. 3 to xce cneAyeT H3 
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hic. 4.8. CneKTpti (npH 80 K) KpaeBoro cBeqenHH c(£>aJiepHTa ZnS, BbipaineHHoro nmpo- 
it-pMajibHbiM cHHTe30M (7), H3 pacimaBa (2), H3 raJOBOfl cjjaabi b aTMOC(})epe At h H 2 S 
iJ, 4 cooTBeTCTBeHHo), a Tax>Ke noponiKOB ZnS s TepMOoGpaGoTaHHbix npH 1000 (5' h 6') 
n 1100°C (5 h 6) b napax cepw c 3ai<aJiK0ft (6' h 6) h m cjuichh biM oxna**KneHHeM (5' w 5 ), 
h nacbimeHHbix napax ZnS npw 900° C b TexeHHe 6,5 v c 3 aKajiKoft (7) 


iuHHbix pMC. 4.6. Vb ennqe hh e TCMnepaTypbi pocxa TaK>Ke cnocoGcTøyex pa3- 
i opannio KpaeBoro flA-CBeqeHHH. BecbMa HHxeHCHBHbie b (jrøionioMKHecueH- 
miH cepKH nonoc flA-nap mojkho nonyqHXb h npn TepMooGpaGoiKe nopoui- 
koh ZnS I xnna b BaKyyMe, aprone, HacbimeHHbix napax ZnS (pnc. 4.8, Kpw- 
Han 7). TaKKM oSpaaoM, npn AocxaxoqHOH oqncxKe ZnS Kpaesoe cBeqeHHe 
1 l,A -nap ycnnMBaeiCH b ycjiOBKHX, cnocoScTByiomnx o6pa30Bamiio co 6 ctb 6 h- 
m>ix roqeqHbix fle^eKTOB. 

I la riopouiKax ZnS ■ S II xnna H3yqeHO Bxmmme ycnoBHH qxjicDkachhh 
» ia MHTeHCHBHocTb KpaeBoro cneKTpa. CnenoBano oxamaib, qxo hhxchckb- 
iiocrb HA-peKOMØHHauHM Aonxoia 6biTb HaH6ojibineH npn SbiCTpoM oxjiaxc- 
uøhhm KpHCTajuioB, ecjiH oTBeTCTBeHHbiMK 3a noHBJieHHe nonoc KpaeBoro 
il,A-cBeqeHHn hbhhiotch xoqeqHbie Ae<$eKXbi, B03HHKaMmme npn BbicoKo- 
u‘MiiepaTypHon o6pa6oxKe. KaK bhahc H3 pnc. 4.8, HHTCHCKBHOCTb KpaeBO- 
■ »> JIA-CBeqeHKH y aaKaneKifbix oSpaauoB (KpnBbie 6 h 6') 3HaqHienbH0 MeHb- 
me, qeM y Me An enn o oxjia>KAeHHbix (KpHBbie 5 h 5 f ). Mw nonaraeM, qio 
vameHHe JJA^nioMKHecueHipiH npn MeAJieHHOM oxnaacAeHHK mokct GbiTb 
t iiHjaHo c BbixoAOM KMcnopofla M3 pemexio* ZnS, x.e. c yMeHbmeHiieM koh- 
ACHTpauHH KoHKypHpyrøimix O s —O s -achtpob, ØAHaKO sth pe3yjibxaxbi mo- 
i y i CBHAexenbcxBOBaxb h o tom, qxo uenxpaMH RA -n JOMHHe caøhuhh hbhhiot- 
( H ne npocxeHUiHe xoqeqHbie A^<}>eKXbi, a hx KOMiuieKCbi, oSpaayrømnecH b 
n|x)uecce Me/xneHHoro oxna>KAeHHH. 

II na3A, 1.3 Mbi oxMeqanH, qxo npocxeHimie xoqeqHbie AecfceKXbi ZnS, Ta- 
kho, KaK Y r s , V^ n , hc Moryx nasaxb nonocbi b oSnaciH KpaeBoro cneKxpa. 
li paGoxe [149] 6bmo BbiCKa3aHO npeAnonoxceHHe, qxo oxBexcxBeHHbiMK 3a 
k pacBoe JIA -CBeqeHHe hbjihicxch accoipiaxbi {VgVzn}. BosMymeHHe ypoB- 
111*11 3 THX AecJ)eKXOB H3-3a KynOHOBCKOrO B 33HMO a^hcxbhh AOHXCHO, KOHeq- 
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HO, npii6j]H3HTb HX K KpaflM 30H. BeJIH^MHa 3TOH nonpaBKH MOXCeT GbITb no- 
jiyqeHa H3 cooTHoiiieHHH, onpeAenmomero aHepnno onranecKoro nepexofla 
ajih HA-nap [1] : 

^AA ” Eg ~ (E\ + Ej\ + f 2 / er) , (4.1) 

rae S A h Er - 3HepreimecKHe nono>KeHHH aKuenxopHoro h upHopHoro ypoB- 
Hen b 3anpemeHHOH 30He E g \ e - ah xieKTpimecKan liocTOKHHan cpeAbi; r — 
paccTOHHHe MexcAy flOHopOM h aKuenTopoM, o6pa3yiomHMH napy. M3 (4.1) 
cjieAyei, mo BejiHMHHa 3HeprHH B03MymeHHH ypoBHen AecJ)eKTOB 3a CMex Ky- 
noHOBCKoro B3aHMOfleHCTBHH npn o6pa30BaHHH oxBexcTseHHbix 3a KpaeBoe 
CBenerøie aajibHHx nap [119, 149] cocxaBHx 0,04 -0,05 3B. TaKoe H3MeHeHHe 
noHoxceHHH b 3anpemeHH0H 3one myOoKHx (cm. puc. 1.5) ypoBHen Vg h V Zn 
He Mo>Kex o6ecnewxb najiyneHHe b KpaeBon o6jiacxH cneKxpa. KpoMe xoro, 
Henb3H oxcHAaxb Gojtmiioh KOHueHxpauHH accoixHaxoB {VgV Zn }, xaK KaK, 
cornacHO AHaipaMMaM (cm. pnc. 1.9), KOHueHxpauHH BaKaHcHH cepbi b 
ZnS . S cjTHiHKOM Mana, a b ZnS • Zn oicyxcxBywx V Zn . Oahbko ajih AAana- 
30Ha AaBJieHHH napoB cepbi ox 10 6 ao 100 aTM h 1150 °C (cm. pHC. 1.9) 
B03MOXCHO o6pa30BaHiie Apyrax thiiob KOMimeKcoB. 3to oAHOKpaxHo 3apn- 
xceHHbie accoioiaxbi {Zn/Vz n )‘ AOKOpHoro inna. AccounaioM aKuenxopHo- 
ro rana hbahcxch { Zn^ V Zn ) x [79], Bo3Mo>KHocxb ynacxHH cjiokhbix komii- 
neKcoB xoneqHbix Ae^eKioB b npoueccax peKOM6nHaimn ZnS paHee He 06- 
cyrøanacb, xoth ohh xaK>Ke Moryx 6bHb oTBexcTBeHHbi 3a cBeneHwe b 
KpaesoH oOnacxM cneKxpa. Kojikmcctbo noAoOHbix BA-nap B03pacxaex c AaB- 
nemieM napos cepbi, yBemrøUBaflCb ot ~10 17 cm" 3 npw MHHHManbHbix 3Ha^e- 
hhhx nopHAKa 10' 6 axMAO 10 18 -10 19 cm" 3 npn/^ = 100 axM. 3xo oSbnc- 
HneT xox 3KcnepHMeHiajibHMH (J)aKT 5 qxo KpaeBoe BA-CBenenHe B03HHKaex 
y KpHCxaiuioB, BbipameHHbix b HeHxpajibHofi cpeae (ceueHHe P mc Ha pnc. 1.9), 
h ^enwnHBaexcH no HHxeHCHBHOcra c pocxoM asbjichhh napoB cepbi. Cornac- 
ho 3Thm npeAcxasnemiBM, AJiHHHOBoniioBaH cepHB nojioc KpaeBoro BA-cse- 
neHHH AoiDKHa Hcneaaxb npw f Zn > 3 - HE 1 axM h 1150°C (cm. pnc, 1.9). 
3KcnepnMeHTajibHO na npenapaxax, coAepacamHx KHcnopoa, 3xo npoBepnrb 
xpyAHO, xaifiKaK npvi xepMCoOpaooiKe b napax iiHHKa y chjthb aioxc h b Kpae- 
boh cojiacxH nojiocw A p Ha KHCjiopoAHtix ueHTpax. TlocKojihKy aHanonniHbiH 
ran Ae^eKXHOcra peajiH3yexcH n b npyrnx eoenjiHeHMnx A 2 B 6 . to 3To o6bnc- 
HHeT raroiqHocTb B V A-pe kom 6 m nauM h b Kpaesofi oGnacra u aah Apyrnx coenn- 
hchhh 3toh rpynnbi. 

4.3. OnTHHFXKHE CBOftCTBA MOHOKPHCTAJUIOB CYAbOHAA UMHKA, 

OBJiyHEHHblX BbICTPMMH HEfiTPOHAMH 

BAH C03AaHHH TOHeMHblX COOCTBeHHblX Ae^CKTOB b cynb4>HAe UK HK a Iim- 
poKo Hcnonb3yeTCH paAHaunoRHoe B03AeHcrBHe. lloporoBbie 3HeprHH b arax 
KpHCTajuiax cocTaBJiHioT 190 K3B aa« æpbi h 235 K3B aah innnca. B pea^b' 

TaTe B03AeHCTBHH 3iieKTpOHHbIX, HCHTpOHHblX HJ1H npOTOHHblX IiynKOB C 3Hep- 
thhmh 6onbine noporoBoft cneKTp paAHauHOHHbix a^4>cktob HMeex cnoxoibiH 
xapaKTep, oAHaKO npeoOnaAaioT 4)peHKeneBCKHe napb» b noApeiueiKax ixhk- 
Ka h cepbi [349-358]. BaKaHCHH, co3AaHHbie paA^auHew, He ox>KHraioTCH 
BruiOTb ao 400 K (V Zn ) h 450 K (Vg). Bah MOHOKpHCTajinoB, oOnv^eHHbix 

BblCOKODHeprCTHMeCKHMH HaCTHliaMK, OOjlbmyiO pojlb B KaTOAOJITOMHHeCUeH- 
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Uhh HrpaioT KnacTepHbie o6pa30BaHHH [335], KOTopbie B03HHKaiox npn ao- 
3ax > 5 - 10 15 ^-lO 1 6 cm" 2 . TeivmepaTypbi oxxcwra KJiaciepoB > 650 K. Coniac- 
ho iipeAciaBJieHHHM, cjio>khbiiihmch b HacTOHmee BpeMH (cm. pa3A. 1.3), 
b jnoMHHecueinxHH caMoaicxHBHpoBaHHoro ZnS ajieMeHTapHbie xoqeqHhie Ae- 
(J)eKTbI npOHBAHIOTCH B BHAHMOH (Vz n ) H HH^paKpaCHOH (Vg, Vg, Vz n ) o6- 
naciBX cneKTpa (cm. pnc. 1.5). B HH^paKpacHOH oøjiacxH no cxeMaMpHC. 1.5; 
4.4, ^ b ZnS npoHBJiHioTCH nonocbi nioMHHecueHAHH 850-820 hm (V s , V s , 
O,-); 1200-1300 hm (V s , V s );1400-1600 (Vz n ) h 950-1100 (Vzn, Vz n ), 
a raioKe 1,9 h ~-2,95 mkm (O,*, Vz n ). JIioMHHecu,eHAHH KjiacxepHbix o6pa3o- 
BaHHH He HayqeHa. 

UsMepeHHe cneKTpoB moMHHecueHAHH b bhahmoh h ynbxpa(})HonexoBOH 
oSnacTHX oGjiyqeHHbix KpHCxajuioB BaxcHo, KpoMe yxoqHeHHH onrøqecKHx 
xapaKTepncTHK xoqeqHbix Ae^eKTOB, a nn npnicnaAHbix nejieH. nocneAHee 
CBH3aHo c TeM, mo ZnS, oxJinqaHCb bmcokoh paAnauHOHHOH ctomkoctbio, 
ncnojn>3yeTCH b Kaqecxse ciiHHXHJiJiHxopa [349-354, 358], B abhhom pa3- 
Aene npHBOAHTCH pe3yjibxaibi H3yqeHHH onxnqecKHx cbokctb MOHOKpucxan- 
jiob 3CZnS, oOnyqeHHbix 6bicxpbiMH HenxpoHaMH b HHxepBane ao3 ox 10 13 
ao 10 20 cm - ' 2 npH 300 K. MccneAOBaHHH KaxoAOJnoMHHecijeHAHH npoBCAe- 
iim b Awana30He ahhh bojih 300—1700 hm npn 80—300 K. Mcno;ib30BaHbi 
iieHxpoHbi HAepHoro peaKxopa, Koxopwe HMeiox iiihpokhh cneKxp no 3Hep- 

i hhm - ox 0,01 ao 15 M3B npw cpeAHeM 3naqeHHH 3neprHH 2 M3B. IIpH 3xom 
B03MO/KHO B 3 aHMOAeHCTBHe XeiUIOBblX HCHXpOHOB C 3HepHIHMH <0,04 3B 
c BemecTBOM. Ohh npHBOA#T k noHBjieHHio b ZnS npHMecHbix axoMOB, b 
MacTHocxH Me ah, Koxopan HMeex HHtJjpaicpacHoe H3JiyqeHne b pemexKe cyrrb- 
<|mAa uHHKa b oOnacxH 1300—1700 hm [359, 127]: 

Zn 65 f n 0 -> Zn 65 -> Cu 65 . (4.2) 

JIhh HCKjnoqeHHH 3xoro 3^»4)eKxa o6pa3Ubi npn o6jiyqeHHH noMemajiHCb 

ii lcaAMHeBbie aMnyjibi c xgjuuhhoh cxchok 2 mm. KaAMHH, o6naAan 6oJib- 
imhm ceqeHHeM aaxBaxa xennoBbix HeHipoHOB, ocjia6jinex hx noxoK xaK, mo 
iipn oGnyqeHHH ZnS b peaKXOpe bosmokho o6pa30BaHHe b KpHcxannax npn- 
Mt»cn c KOHueHxpamieH He oonee 10 12 —10 13 cm” 3 . fleHCTBHxenbHo, no AaH- 
m.iM npoBeACHHoro HaMH KOHxponbHoro cneKxpanbHoro aHajiH3a coAep^a- 
niu 1 Me ah b oonyqeHHbix KpHcxajinax He oxnnqanocb ox HCxoAnoro 6onee 

lia 10~ 5 %. JJjlH HCCJieAOBaHHH CKOJTbl (110) OAHOrO H xoro >Ke MOHOKpHC- 
i.uijia, BbipameHHoro H3 pacnnafia, oxGHpajincb no h jie hxhhhocxh 3 kchtohhlix 
t iickxpoB oxpaxceHHH h HsnyqeHHH. IlocKonbKy Bce HenerapoBaHHbie o6pa3- 
iii. i ZnS, BbipameHHbie H3 pacmiaBa, coAepxcax khcjiopoa, to mm noAoGparw 
Am* rpynnbi KpKcxannoB c npHMepHo oAHHaKOBMM coAepxcaHHeM b ica>KAOH 
ii i iihx KHCJiopoAa. OAHa rpynna KpKcxajuioB (l rpynna) coAepacana mhhh- 
mjjimioc KOjiwqecxBO pacxBopeHHoro KHCJiopoAa: ahh hhx AonoJiHHxe;ibHoe 
iioi jiomcHHe b o6nacxH ao 335 hm oqeHb cna6oe. CneKxpbi KaxoAOJiioMH- 
iiccuchuhh hx npeACxaBjieHbi HHxencHBHOH 3 kchiohhoh >lQ P -nojiocoH 3CZnS, 
oMIOIJIHBOH 3KBHAHCXaHXHOH ^g-CepHCH nonoc C rOJIOBHOH JTHHHeH 336 HM 
ii cjiaObiM rony6biM CBeqeHHeM (pnc. 4.9, a, KpHBaa 2). FlnoxHocxb ahcjio- 
Kan.HH b KpHCxajuiax I rpynnbi, onpeAeneHHaH iio hmkbm xpaBneHHH, cocxaB- 
iihim ^ 10 5 cm - 2 . Hpyran rpynna KpHcxajinoB (Il rpynna) conep>fcajia no- 
iiMinemioe no cpaBnemno c o6pa3uaMH nepBOH rpynnbi KOJiHqecxBO khcjio- 
pacxBopeHHoro b o&beMe pemexKH ZnS. 06 dxom mo>kho 6mjio cyAHXb 
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Phc. 4.9, CneKTpbi KaTonomoMHHecueHUHH npw 80 K MOHOKpHcrrannoB I (a) h; II (6) 
rpynn, HcxonHbix ( 1 ) h oOnyHeHHbix HettTpoHaMH no30tt 10 I3 'cm 2 ( 2 , 3 ) ; cneKTpbi o6ny- 
qeHHboc o6pa3UOB chhtm flo ( 3 ) h no ene TpaBJieHiw (2) 


no HajinqHK) no noJiHHTejibnoro Kpan noniomeHHH b o6jiacTH no 335 hm, 
3KCHTOHHaH nonoca A Hp b cneKTpax k aiono jiiomhH ecueHixnn ZnS (pHC. 4.9,6, 
KpHBaa 2) o thoCHT e ji bHo cjiaGan, b to >Ke bpcmh ajih hhx xapaKiepHO hh- 
TeKCKBHoe cseueHHe b KpaeBon h SAL-oGjiacTHX cneKTpa, a TaKxce rojiyGan 
nojioca, FlJiOTHocTb nncjioKauHH b o6pa3nax II rpynnbi Ha ab a nopnnKa Mem>- 
uie, qeM y KpncrajijioB I rpynnbi. 

ITpenBapHTejibHbie nccjienoBaHHH noKa3ann, hto onnmecKne cBoncTBa 
noBepxHocTHoro cjioh obnyqeHHbix KpncTajuioB cyinecTBeHHO oTJinqaioTCH 
ot o6i>eMHbix (pne, 4.9, KpHBbie 2 u 3), npnqeM TonmHHa 3Toro cjioh yBe- 
jnnmBaeTCH^ no3on oGjiyqeHHH, noemran 20—30 mkm npn no3e 10 19 cm 2 . 
Hjm ycTpaHeHHH noBepxHocTHoro cjioh oGjiyqeHHbie o6pa3Ubi nonBeprajincb 
TpaBJieHHio b xpoMOBOM TpaBHTøjie npn 95 °C b TeqeHHe 3—20 mhh b 3 aBH- 
ckmocth ot TOJiinHHbi oKHCJieHHoro noBepxHocTHoro cjioh. Hoene TpaB- 
jieHHH nornoineHHe b oGjiacra nononHHTenbHoro Kpan 335-340 hm y Kpnc- 
TajuiOB II rpynnbi, oGjiyqeHHbix GoJibniMMH no3aMH (> 10 16 cm" 2 ), ocTasa- 
nocb thkhm Mce, KaK Ha noBepxHocTH. B oGbeMe oGpaanoB I rpynnbi c Gojib- 
moH iuioTHocTbio nncnoKaunn ycHJieHHH nonojiHMTejibHoro nomoineHMH npn 
oGjiyneHHH He HaGjuonariocb. 

B HxnyqeroiH, noMHMO peaKoro yMeHbmeHHH HHTeHcnBHOcm Bcex nonoc 
CBeqeHHH, nnn noBepxHocTHoro cjioh xapaKTepHO ycnjieHne OTHocHTejibHon 
HHTeHCHBHocTH nojioc 370 hm (ZnO) n 380—390 hm (oKcnnHbie cKomieHHH 
b ZnS). IIo-BHAHMOMy, b peaKTope npn oGnyMeronr HefiTpoHaMH nponcxonnT 
HHTeHCHBHOe B 3aHMOn6HCTBHe nOBepXHOCTHOTO CJIOH MOHOKpHCTaJUia ZnS 
C KHCJIOponOM. 

y MOHOKpncTajuioB, nonBeprHyrbix TpaBJieHHio, HHTeHCHBHocTb Bcero 
cneKTpa jnoMHHecueHnnn eoapacTajia (pnc. 4.9, KpnBbie 2). RocKOjibKy hmch- 
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Phc. 4.10. CneKipfci KaTOflomoMHHecueHUHM npH 80 K TpaBJieHbix o6pa3UOB I (c) h 11 (( 5 ) 
ipynn npH pa3Hbix ao3ax HeftTpOHHoro o6nyMeHH« (uH(J>pbi y KpHBbix b cm 2 ) 


Dn1H ea - 




IV 4.11. SaBHCHMOCTb OT J3p3bl HettTpOHHOrO O&TyHCHHH HHTeHCMBHOCTH 3KCKTOHHOft 
< 127) , KpaeBofi (336 h 340), rony6oft (440-430) w 3eJieHoft (515 hm) nioMHHecueHiiHH 
/nS, a Taioice H3JiyMeHHH b o6naciH 370-390 hm jvih KpHCTannoB I (a) h II (0) rpynn 


ho jth cneKTpbi xapaKTepHsyioT H3MeHerøiH b oObøMe MOHOKpHCTajina, to 
rojihKo hx Mbi h 6yAeM paccMaTpHBan» flanee. 

('neKTpbi KaTOAOJiioMHHecueHUHH npH pa3Hbix ao3ax npeflCTaBJieHbi Ha 
|»HC. 4.10, a 3aBHCHMOCTb HHTeHCHBHOCTH OWJIbHblX nOJIOC OT flOSbl AaH3 
mi pwc. 4.11. HnTeHCHBHocTb nojioc onpeaejinnacb HHCJieHHbiM HHTerpnpo- 
iiamieM no nnomaflH. YBejiHMeHHe no3bi ot 10 13 no 10 17 cm - 2 npHBoiiHT k 

paiJIMUHOMy H3MeHeHHK) HHTeHCHBHOCTH nOJIOC HeOflHHaKOBOH npHpOAbl, 

a npH rø3ax 10 18 -10 2 ° cm" 2 cneKTp H3Jiy*ieHHH b oOjiacra 300-600 hm pe3- 
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PHC. 4.12. 3jieKTpOHHO-MHKpOCKO- 
nHqecKHe H3o6pa>KeHHH ynacTKOB 
MOHOKpHCTannoB c4>aJiepHTa, 06- 
nyqeHHbix HettTpcmaMH ncmMH 
10 19 {a, 6) h 10 20 cm' 2 (e), 
b OTpaaceHHbix aneKxpoHax (a, 6) 
H B CBeTe KaTOAOJlIOMHHeCUeHUHH 
(e) ; yBenirøeHHH - 3000 ( a ), 
800 rø, 1000 (e) 


ko 3aracaeT. npH 3 tom yBejimHBaeTcfl kojimhcctbo co6cTBeHHbix TonenHbix 
Xie^eKTOB (ao 10 18 cm" 3 npn no3ax 10 20 cm -2 ) [94, 358] h ycHjiHBaeTCH 
H3ny^aTenbHaH peKOMØMHauHH b HH^paKpacHOH oGnacra cneKTpa (cm. Aanee). 

nocKOJibKy, cornacHo pa6oie [94] , b npouecce HeHTpoHHoro o6nyneHHH 
MCHneTCH im^HOCTb AAcnoKaiiHH, Koiopaa Moxcei noBJTHHTb Ha KOHueHipa- 
AHK) TOHe^HblX ae(})eKTOB H HHTeHCHBHOCTb OTAejlbHblX nOJTOC KaTOflOJIKJMHHe- 
CUeHUHH, Mbl HCCJieAOBaJIH H3MeHeHHe AHCJIOKaAHOHHOH CTpyKTypbl KpHCTaJI- 
jiob, noABeprHyTbix pa3JiHnHbiM no3aM o6jiy^eHHH. OKa3ajiocb, mo ecjm hc- 
xoAHbie o6pa3Ubi I h II rpynn oTjimanHCb iuioiHocTbio AHCJiOKauHH (5 • 10 5 
H 5 • 10 3 CM" 2 COOTBeTCTBeHHo), TO npH o6jiyHeHHH C pOCTOM A03bl AO 
10 19 CM -2 lUlOTHOCTb KpaeBblX AHCJlOKaAHH B HHX yMeHbUiaJiaCb H CTaHOBH- 
jiacb npHMepHo oAHHaicoBOH y KpHCTamiOB o6eHX rpynn (< 10 3 cm" 2 ) . B o6be- 
Me MOHOKpHCTajuioB o6eHx rpynn, oønyqeHHbix A03aMH > 10 19 cm -2 , mli 
H aGnioAaJiH npocTpaHCTBeHHbie ceiKH nojibix KaHanoB (pnc. 4.12). Mohcho 
npeAnonaraTb, mo ohh bo3hhkjth H3 AHCJioKaimoHHbix cctok npn cerperaixHH 
Ha HHX BaKaHCHH. 

PaCCMOTpHM H3MeHeHHe HHTeHCHBHOCTH OTAenbHblX nOJIOC JlIOMHHeCAeHAHH 
c pocTOM ao3w oSnyqeHHH. 3k ciiTOHHoe H3JiyqeHHe, npeACxaBneHHoe A Hp - 
nonocoH 3C ZnS 327 hm, y KpHcrajinoB o6enx rpynn c pocxoM ao3m o6nyne- 
hhh ao 10 17 cm -2 mohotohho naAaeT no nnre hchbhocth h pe3KO racHeT npn 
A03ax Gojibiue 10 18 cm~ 2 , a npn 10 2 O cm“ 2 (c HaqajiOM pa3pymeHHH KpHciajuia) 
3Ta nonoca pa3MbroaeTCH ao ypoBHH <jx)Ha. CneKipajribHoe nojioxceHHe 3 kchtoh- 
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hoh nonocbi ZnS KOHTponKpoBanocb no cneKTpaM OTpaxcerøm, KOTopbie chhmh- 
jiHcb npn 77 K co ckohob (110) npn nocTOHHHow reoMeipHH cbeMKH. Y hcxoa- 
Hbtx. TpaBneHbix oSpaauoB 3KCHTOHHbie nonocbi b oTpaxcerom 3a hhM ann npn- 
MepHo TaKoe xce nonoxceHHe, KaK y TpaBJieHbix KpHCTajinoB, oOnyqeHHbix 
A03aMH 10 13 cm" 2 , T.e. ajih i4 Hp -nonocbi 326,4 hm (II rpynna) h 326,0 hm 
(I rpynna) npn nonyiiiHpHHax 0,8—1,0 hm; y oSnyqeHHbix o6pa3uoB II rpynnbi 
c pocroM A03bi flo 10 1 s cm"" 2 h Bbiine j4 Hp -nonoca oøHapyxaiBana TeHfleHUHio 
K CMemØHHK) B KOpOTKOBOJIHOByiO CTOpOHy H yiilHpeHHK), HanpHMep, flJTH 
KpHCTajinoB, oOnyneHHbix A03aMH 10 15 , 10 17 h 10 19 cm“ 2 , nonoca A Hp b 
cneKTpax oipaxceHHH 3aHHMana nonoaceime 326,2, 326,0 h 325,6 hm npH 
nonyuiHpHHe 1,6; 3,0; 3,2 hm cooTBeTCTBeHHo, y KpHCTajiJiOB I rpynnbi, 
HaoSopoT, 3 KCHTOHHan nonoca OTpaxceHHH c poctom no3bi cyxcaeTcn h HcnbiTbi- 
BaeT He6onbLuoH AAHHHOBonHOBbrii CABHr, HanpHMep ot 326,0 ao 326,4 hm 
c poctom fl03bi ot 10 13 ao 10 17 cm“ 2 npH H3MeHeHHH nonyuiHpHHbi OT 1,0 
AO 0,7—0,8 hm. TaKoe h 3 Me He Hue nonoxceHHH 3KCHTOHHbix nonoc MoxceT 
6biTb cneACTBHeM TonbKo H3MeHeHHH KOHAempaimH b KpncTannax nccJ)eKTOB 
ynaKOBKH. 

CneKTpw KpaeBoro CBeneHHH npeACTaBneHbi pa3nnnHbiMH nonocaMM 336 
h 340 hm pjih KpHCTannoB I h II rpynn (cm. pnc. 4.10, a, 6). C poctom A03bi 
oønyneHHH nonoca 336 hm KpaeBoro cBeneroifl KpHCTannoB I rpynnbi 3aTyxaeT 
(cm. pnc. 4.11, a). Hao6opoT, y KpHCTannoB II rpynnbi KpaeBoe CBeneraie, 
b KOTopoMnpeoSnaAaiOT aJibhhobohhob bie KOMnoHeHTbi 340—350 hm, HapacTa- 
eT c yBenHneHHCM A03bi ao 10 17 cm - 2 BKnionHTenbHo (cm. pHc. 4.11, 6 ). 

Ilonocbi H3nyneHHH 515, 390 h 370 hm Moryr xapaKTepH30BaTb pa3HHHHbie 
CTaAHH B03HHKHOBeHHH okcha 3 uHHKa vuiu TBepAoro pacTBopa ZnO ■ S (cm. 
pa3A. 4.4, 5.5). Ohh ahh KpHCTannoB I h II rpynn Taicxce h3mchhk)tch c o6nyqe- 
hhøm HeoAHHaKOBO. B cneKTpax oOnyneHHbix KpHCTannoB I rpynnbi, HMeio- 
mnx noBbmieHHyio nnoTHOCTb AAcnoKauHH, Bce TpH nonocbi ycnnnBaioTCH c 
Poctom A03bi (cm. pnc. 4.10; 4.11, a), flnn o6pa3uoB II rpynnbi HaOnioAaeTcn 
npeHMymecTBeHHo umpoKan nonoca SAL-CBeneHHH b oOnacTH 380—400 hm. 
MHTeHCHBHocTb ee c A030H oSnyneHHH yMeHbmaeTCH (cm. pnc. 4.10, 4.11, 6). 

HeHTpOHHoe oOnyneHHe 3aMeTHo yBennnHBaeT MHTeHCHBHocTb ronyOoii 
nonocbi (cm. pHc. 4.10, 4.11). npH 3 tom 6onee pe3Koe yBenHneHHe hhtchchb- 
hocth ronySoro cBeneHHH npn oSnyqeHHH HaOnrøAanocb y KpHCTannoB II rpyn¬ 
nbi (conepacamHX noBbimeHHoe KonnnecTBo pacTBoperaioro Kncnopona) h 
conpoBOJKAanocb yMeHbineHHeM hhtchchbhocth SAL-cBeqeHHH, o6n3aHHoro 
OKCHAHbiM CKonneHHeM b ZnS (cm. pa3A. 4.4), a TaioKe B03pacTaHHøM hhtch- 
CHBHOCTH AHHHHOBOnHOBOrO KpaeBOrO CBeqeHHH Og—O s -AeHTpOB B OØnaCTH 

340—350 hm (cm. pnc. 4,11, 6) . 

Pace mot pH m KaTOAonioMHHecueHUHK) b HH<})paKpacHOH oSnacTH. CneKTpbi 
cynb(})HAa UHHKa, oOnyqeHHoro HeKTpoHaMH AQ3aMH 10 13 —10 19 cm“ 2 , npn- 
BeAeHbi Ha pHc, 4.13. Co3AaBaeMoe npn oOnyneHHH KonnnecTBo TonenHbix 
Ae<|)eKTOB b noApeuieTKax cepbi h unmea oahoto nopnAKa h no pacneTHbiM 
AaHHbiM npn MaKCHManbHbix A03ax 10 19 cm - 2 AoeraraeT BenHHHHbi ~10 17 cm“ 3 . 
CneKTpw o6pa3uoB, oønyqeHHwx A03aMH 10 17 h 10 16 cm“ 2 hhh 10 19 h 
10 i8 cm" 2 , npnMepHO aHanorHnHbi. KaK bhaho H3 pHcymca, y hcxoahoto Kpnc- 
Tanna b HccneAyeMOH HHcJjpaKpacHOH oOnacTH cneKTpa Ha6n roAaioTCH nonoc bi 
nioMHHecAeHUHH, oObWHbie ahh cbmo aKTHBHpOBaHHoro cynb(})HAa UHHKa: 850, 
~1200 h 1500—1600 hm. BoaHHKaiomHe nonocbi cornacyioTcn c npHHHTon 
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Phc. 4.13. CneKTpu KaTonojiioMHHecueHUHH 06- 
paauoB c^aJiepHTa npH 80 K, HcxonHoro (/) h 
oOnyMeHHoro HeftTpo hsmh A03aMH 10* 3 (2), 

10 ,$ (3), 10 16 10 17 ( 4) h 10 18 -10 19 cm 2 

(5) 


exeMOH (CM. pHC. 1.5) H CneKTpSMH (})CTO- 
JTIOMHHeCUeHUHH CBMOaKTMBKpOBaHHOrO 
ZnS [129]. C pocTOM £03bi oGjiyHeHHH Bce 
HH^paKpacHbie nojiocbi B 03 pacTaK)T no hh- 
reHCHBHOCTH. B MacTHOCTH, 6onee qeM Ha 
2 nopHAKa B03pacTaeT c ao3oh nojioca CBe- 
HeHMH ^ 1600 HM (CM. pHc. 4.13), He o 6H3- 
py>KHBaa 3aMeTHoro cnana 3 a cmct peKOM- 
ØHHaUHOHHOrO B3aHMOneHCTBHH UeHTpOB 
[360] Aaxce npH pa3ropaHHM jnoMHHecueH- 
UHH b oOjiacTH 300-600 hm. KaK OTMeqa- 
Jiocb b pa3ii. 1.3, b oojracTH 1370-1600 hm 
AOJIXCH a npOHBJIHTbCHJnOMHHeCUCHUHH V^n ■ 
B 6onee kopotkobojihoboh oGnacTH npn 
oojiyMCHHH cjieaoBajio o>KHASTb ycnjieHHH 

nojioc 850—1200 hm, o6n3aHHbix BaKaH- 
chhm cepbi. OflHaKO nonocbi 850 h 1200 hm 
He xapaKTepHbi ajih oGnyneHHbix o6pa3UOB 
BrnioTb ao £03 10 18 -10 19 cm" 2 . Hapany 


c 3 thm npH oGnyneHHH BbiAenneTCfl nonoca 
950 hm. B imrepaType HeT cbøachhh o ee npwpoAe. MHTeHCHBHOdb nono- 
cbi 950 hm VBejiHMHBaeTCH c pocTOM £03bi, a npH OojibiiiHx £03ax cna£ ee 
3aBHCHi ot £HCJiOKa£HOHHOH cTpyKTypbi KpHCTajuiOB. JJjih oGpaauoB I rpyn- 
Hbl C GOJIblllOH TUIOTHOCTblO AHCnOKaiJHH yMøHblUeHHe HHTeHCHBHOCTH 

nonocbi 950 hm HaHHHaeTca npH noaax > 10 1 7 cm” 2 , a y KpuciannoB 
Il rpymibi - npn A03ax > 10 19 cm" 2 . Bo3mo>kho, mo nonoca 950 hm 
cJiOKHan h BieftronaeT nonocbi, npHcymne b HH(})paKpacHOM oGnacTH 
(800—1100 hm) B3K3HCMHM ixHHKa h cepbi (cm. pwc. 1.5). IIocjie£Hee nO£- 
TBep>KAaeTCH reM, mo H3MeHeHHe HHTeHCHBHocTH nonocbi 950 hm KOppenwpyeT 
c H3MeHeHneM KOHueHipauHH F + -ueHTpoB no AaHHbiM 3IIP [93]. 

MiaK, paccMOTpeHHoe H3MeHeHHe cneKipoB moMHHecueHUHH h OTpaxceHMH 
MOHOKpHCTanJTOB c<J>anepHTa nofl neHCTBneM oOny^eHHH 6bicipbiMH Heftipo- 
H3MM noKa3broaeT, mo npoueccbi, npoTeKaiouiHe npH oOjiyHeHHH, nocTaxowo 
CJIOHCHbl H CBH3aHbI He TOJlbKO C reHepaiJHeH H B3aHMO£eHCTBHeM TOHeqHblX 
H npOTHX<eHHbIX Ae4)eKTOB B KpHCTaAJie, HO H C aKTHBailHeH KHCJIOpOAOM. 
fleHCTBHTeJIbHO, HeCMOTpH H3 yBejlHMCHHe C A030H MHCJia UCHTpOB TyilieHHH, 
HHTeHCMBHOCTb HeKOTOpblX nOAOC CBeHeHHH B03paCTaei. TaK, 3KCHTOHHbie 
nonocbi A HV> 327 hm yMeHbinaioTCH no hhtchchbhocth, a b HH(})paKpacHOH 
oGnacTH ycHJiHBaioTCH, CBHAeiejibCTByn 0 tom, mo wm A 03 10 17 cm - 2 H£eT 
MOHoioHHoe HapaciaHHe KonirøecTBa coøcTBeHHbix To^enHbix £e<})eKTOB h Jimiib 
npw A03ax > 10 1 8 cm" 2 bo3mo5kho Hanano hx arnoMepaumi. yBennqeHHe b 
3THX yCHOBHHX KOHUeHTpanHH T04erøbIX paAHaUHOHHblX Ae(J)eKTOB AO 
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10 15 cm" 3 (A03a oOjiyqeHHH ~ 10 17 ' cm - 2 ) He mojkct noBJiHHib cyinecTBeHHo 
Ha H3MeH6HHe KOHueHTpauHH HeHipoB KpaeBoro cseqeHHH JlA-nap. IloaTOMy 
B03pacTaHHe hhtchchbhocth KpaeBoro CBeqeHHH b oøjiacTH 340—350 hm c 
oøjiyqeHHeM KoppejiHpyei TOJibKo c yBejiHqeHHøM b KpHCTajuiax KojinqecTBa 
pacTBopeHHoro KHCJiopoAa. nonaraa, mto 3to CBeqeHHe o6h33ho asjimikm 
KHCJ lOpOflHMM Os-Og-napaM, MOXCHO 3aKJIK)qHTb, HTO 3aMeTHOe yBejIMMeHHe 
HHTeHCMBHOCTH ero y k pnCTajuroB II rpynnbi, Goraibix KHCJiopoAOM, oSirnHO 
6ojiee paBHOMepHoMy pacnpe,o,ejieHHH) ero b oGbeMe ZnS npn pa3pymeHMH 
AHCjiOKau,MH, pacTBopeHHH ZnO hjih cerperauKH KHCJiopoAa b npouecce oGjiy- 
qeHHH HeHTpoHaMH, 3 tot bmboa noATBepxcn.aeica h H3MeHeHHHMH cneKTpOB 
OTpaxceHHH. 

FIoHBJieHHe b cneKTpax KpHCTajuiOB II rpyraibi nonoc 340—350, 360 h 
430 hm npn A03ax 10 19 cm" 2 TaioKe CBHAerejibCTByeT o B03pacTaHHH kohucht* 
pauMH pacTBopeHHoro KHCJiopon.a b ZnS • O npn HeHTpoHHOM oGjiyqeHMH, 
nocKOJibKy 3 th nojiocbi npHHafljie>KaT pejiaKcnpoBaHHbiM coctohhhhm Ha 
KHCJiopoAHbix napHbix 0$—Os-ueHTpax (cm. ia6jr. 3.4). 

PaccMOTpeHHe cneKTpOB oGjiyqeHHbix KpHCTajuiOB noKa3biBaeT, mo TBepflbie 
paciBopbi ZnS—ZnO b KpHCTajuiax I h II rpynn, HMeroinnx pa3Hyio miOTHOCTb 
AHcnoKauHM, HaxoAHTCH Ha pa3Hbix CTaAHHX pacnaAa. AHajiorHqHoe HBjieHne 
HaSnioAajTOCb b paGoxe [352]. Ecjih pa3Mepw qacniu BbiAejiHBiueHCH (})a3bi 
ZnO • S MaJibi, KaK y o6pa3u,OB II rpynnbi c Majion nnoTHocibrø AHcnoKaunn, 
to oGnyqeHHe HeniponaMH npHBOAHT k hx oGparaoMy pacTBOpeHHio. Phctbo- 
peHHio KHCJiopoAa cnocoøcTByeT noBbimeHHan mioTHocTb paAnauHOHHbix 
Ae4>eKTOB b KpHCTajuiax. V o6pa3uoB I rpynnbi Ha AHCJiOKauHHX (JiopMHpyioTCH 
BbiAcneHMH. B 3 tom cjiyqae HeiiTpoHHoe oGnyqeHHe 6yAex cnoco6cTBOBaTb 
pacnafly TBepAoro paciBopa ZnS ■ O, a GojibinaH iuioTHocTb AHCJioKaAHH h 
paflHaUHOHHHX Ae(J)CKTOB yCKOpHCT flH<J)4)y3HKI KHCJIOpOAa K MeCTBM BblAC- 
JICHHH. 

IlpH 6ojibiiiHx A03ax oOnyqeHHH 10 19 cm' 2 , Kor^a nnoTHocTb AHCJioKauHH 
CTaHOBHTCH npHMepHO OAHHaKOBOH ahh KpHCTajuiOB oGenx rpynn, a kojih- 
qcciBO ToqeqHbix paAHauHOHHbix ag4)Cktob 3aMeTHo B03pacTaeT, cyjib(})HA 
nwHKa 3HepniqH0 aKTHBHpyeTcn KHcnopoAOM, a BbiAejieHHH okchas — cepoil 
(noA B03AeHCTBHeM HeHipoHHoro nyqxa h npn HajinqHH Gonbinoro KojinqecTBa 
BaKaHCMH b oGenx CTpyKTypax). Ha 3to yKa3biBaeT B03HHKHOBeHMe mhoto- 
nonocHoro cneKTpa ZnS • O h ZnO ■ S (cm. pa3A. 4.5). B cneKTpax nomoine- 
1IHH TaKHX KpHCTajuiOB B03HHKaiOT AOnOJIHHTejIbHbie nOJIOCbl, CABHrarølAMe 
hx AnHHHOBOJiHOBbiH Kpan nornomeHHH AO 410 HJIH 432 HM npH 77 K. 3to 
norjiomeHHe cooTBeTCTByeT AaJibHHM napaM b ZnO • S A\ 3 _ x0 h (cm. 
pa3A. 4.5). 

IlpH pa3pymeHHH oGjiyqeHHeM peineTKH npoueccbi nepeKpHCTajuiH3auHH 
hjih caMoaKTHBauHH npoTeKaioT HeoAHHaKOBo b pa3JinqHbix yqacTKax KpHCTan- 
jia (cm. pnc. 4.12, e ) h MOHOKpHCTanjibi ZnS, oGjiyqeHHbie ao3bmh 10 20 cm" 2 , 
B oGbeMe CT3HOBHTCH HeOAHOpOAHbIMH. 
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4.4. CAMOAKTMBMPOBAHHAH JHOMMHECUEHIJMH CYJIbOHAA UHHKA 

,11,0 HaCTOHIHerO BpeMCHH AHCKyCCHOHHblM OCTaBajlCH Bonpoc O TaK Ha3bl- 
BaeMOK SAL-JiioMHHecueHimH ZnS [108] . Ilo uaHHbiM pa3Hbix aBTopoB MaKcn- 
MyM SAL-nonocbi npHXOAHxcn Ha 380 [361, 362], 390 [363], 395 [214], 
415 [108] h 430 hm [276]. Bo3HHKHOBeHHe nojiocbi nepBOHaqajibHO CBH3bi- 
BaJIOCb C npHCyTCTBHeM HaipHH B KpHCTaJTJiaX [364] . ITo3flHee BblflCHHJIOCb 
[108, 361], *110 aJIH B03HHKHOBeHMH 3XOrO CBeqeHHfl IIpHCyTCTBHe HaTpHH 
He o6H3aiejibHo. B paGoxe [363] cooGmajiocb, mo SAI^nonoca pa3ropacxcn 
y nopouiKOB, TepMOo6pa6oiaHHbix b napax UHHKa, h Ha ocHOBaHHH aioro Gbino 
BbicKa3aHo npexmoJiox<eHHe, qxo 0 Ha o6n3aHa BaKaHCHHM cepbi b ZnS. I7o 
AaHHbiM [365] , 3Ta nojioca ycmiHBajjacb, Korua b KpHCxanjiax Gbuio bo3mohcho 
o6pa30BaHHe BaKaHCHH uHHKa, a b pa6oie [210] npeunonaraeTCH, mo ona 
oØHsaHa KpaeBOMy cBeqeHHio okchab UHHKa. Mm HaSmouajiH 3ry nonocy b 
MOHOKpHCTaJiJiax c BbmejieHHflMH njiaTHHbi [183]. B paGoie [362] SAL-H3- 
jiyqeHHe B03HHKajio b npHcyxci bhh amoMHHHH, rrpn BBeueHMH Menn. cepeGpa 
h 30JioTa b ZnS, npnqeM nonoacemie MaKCHMVMa nonocbi He 3aBHcejio or rana 
aKTHBaiopa. B cbh3h c 3thm aBTopbi cueJiajiH bbiboa, mo SAL-ueHxpoM hbjih- 
exoi KaKOH-To co6cTBeHHbiH xoqeqHbiH Ae4>eKT pemexKH ZnS. B paGoxe [208] 
B03HHKHOBeHHe SAL-nOJIOCbl CBJT3aHO C ZnO • S-(J)a30H, BblAeJIHIOIueHCH K3 
ZnS npH pacnaue xBepuoro pacxBopa ZnS-ZnO, nocKOJibKy cBeqeHHe, o6H3aH- 
Hoe pejiaKCHpoBaHHbiM BoaGyxcAeHHHM Ha uaJibHHX napax cepbi b ZnO, cneKi- 
pajibHO npHxoAHicH Ha oGnacxb 390-410 hm (cm. pa3A. 4.5). 3xo oGbHCHeHne 
Ka3anocb npneMneMbiM h jjjih KpHCTaruioB ZnS, oGnyqeHHbix GbicxpbiMH 
HefixpoHaMH [199]. 

OuHaKo 3<J)4>eKTbi, KOTopbie Gmuh THnnqHbiMH ahh oGnyqeHHbix KpHCTajinoB 
ZnS, oKaaaJiHCb xHnHqHbiMH h jum oGnyqeHHbix KpHcxajuioB Apyrax coeAHHe* 
hhh A 2 B 6 , b KOTopbix Heub3H Gbuio oxcHAaTb nouoGHbix BbiA^JieHHH. B npyrux 
cnyqanx SAL-nonoca B03HHK3Jia b xex ycnoBHHx, Korua MHKpoBbineneHHH 
ZnO-4)a3bi AonxcHbi Gmjih pacTBOpHTbCH b pemexKe. 

PacKpbirae npupoAM h ocoGeHHocxeH cneKipa pejiaKCHpoBaHHbix B036yxc- 
AeHHii Ha H303neKxpoHHbix ueHipax KHCJiopoua b ZnS no3BOJiHex c eAHHofi 
XOUKH 3peHHH oGl>HCHHTb BCe MHOrOOGpa3He npOXHBOpeqHBblX Ha nepBblH 
B3rJiHA 3KcnepfeeHiajibHbix pe3ynbxaTOB no SAL-nonoce. CneKxp KHcnopou- 
Hbix Os- h Os -Os -ueHipoB no3BonHex npocneAHTb 3a H3MeneHHe m nonoxce- 
hhh nonocbi norjioiueHHH h nioMHHecueHUHH pejiaKCHpoBaHHbix cocxohhhh b 
3aBHCHMocxH ox cxeneHH noKanbHOH Ae^opMauHH peineTKH bGjih3h Ae<J)eKTa 
npH nepexoue ot H30JiHpoBaHHbix ueHTpoB k uanbHHM napHbiM h 3axeM k 
6jih>khhm napaM c yMeHbmeHHeM paccxoHHHH MOKuy aTOMaMH KHCJiopoua 
b napax. CneKipajibHo oGnacTb nioMHHecueHUHH KHcnopoAHbix ueHxpoB oxBa- 
xwBaex noHTH Becb HHxepBaji, b KoxopoM win ZnS Moryx HaGmouaibcn nojiocbi 
pejiaKCHpoBaHHbix B036y>KueHHH, 3axBaqeHHbix KopoTKOAeHCTByioiuHMH cHJia- 
mh noKaiibHbix Ae4)opMauHH; SAL-moMHHecueHUHH b ZnS cooxBeTCXByei 
HMeHHo 3toh cneKxpajibHOH oGjiacra h Moxcex GbiTb oGimHa nouoGHbiM cocxo- 

HHHHM. 

fleHCTBHTeJIbHO, B6JIH3H KHcnopoAHbix ueHxpoB B03M0XCH0 H3MeHeHHe 
cxeneHH noKanbHOH Ae^opMauHH pemexKH H3-3a qaciHqHoii KOMneHcamrø 
Ae<l)opMauHH upyniMH xoqeqHbiMH Ae4)eKTaMH. TaK, GjiwxcHHe Os—Os-napbi 
o6pa3yioTCH b ZnS oGbiqHo npn H36biiKe uhhkb h cTa6KJiH3HpyioTCH Mexcy3enb- 
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hwm uhhkom b oxcyxcxBHe npHMeceft (cm. pa3A. 3.5). Uhhk, pacnonarancb 
b coceaHMx e Os -Os-ueHTpoM MOKysnnHx, cHHMaeT qacxHMHo Ae^opMauHM 
pacTH>KeHHB b6jih3h KBCJiopooHOH napw, cmjilho HCKarøiomeH pemeTKy. 
3TOT 3(})(|)eKT MO>KCT UpOHBJTHTbCB He TOJ7BKO OTB 6nH>KHHX Tiap, HO li JUIK 
npyrnx ueHTpoB, HanpHMep A 3 , b CMCTeMe ZnS 0. KncnoponHbiH ueHip no 
3 toh npHWHe MoaceT 6biTb ochobom ajih 3apo:røeHHH cKoitrieHMH - KjiacTepa, 
KaK uHHKOBoro. iaK n npHMecHoro. 06pa30BaRne penaKCHpoBaHHbix coctoh- 
hhh Ha Kjiaciepax bo3mo>kho, ecjrn fle(J)opMauHH KHcnoponHoro ueHxpa chh- 
MaeTCH MaciHMHo h eme npeBbiinaeT KpMiHqecKyfo [257], Hpn 3 tom SAL-CBe- 
HeHMe 6ynei HafwnonaxbCH b 6onee kopotkobojthoboh o6naciH, mcm nonoca 
nioMHHecueHUHH KHCJiopoAHoro ueHTpa. Ha30BeM cneKipanbHbiH (kopotko- 
bojihobmh) enBHr nonoc KHcnoponHbix ueHxpoB, HCKaxæHHbix npHcyTCTBueM 
npyrnx TOMe i iHbix ne<})eKX0B (no cpaBHeHHio c nonoxceHHeM 3 thx nonoc b 
xa6n. 3.4) SAL-3<J)<}>eKxoM. tJacxHMHoe cHHine fletfjopMaunn KHcnoponHoro 
ixenxpa moxcct 6bixb oGnaano ;iK)6biM cerperauMHM npKMecen (unn xo^enHbix 
Ae(J>eKTOB) B6nw3H Hero 1 . llonoweHMe SAL-nonocbi 3aBHcnx ox inna Knacxe- 
poB, hx paaMepa h comaBa, oahbko onxnnecKiie xapaKTepH cxhkh SAL-ueHxpoB 
AOnHCHbl nOflnHHHXbCfl XCM XCC 3aKOHOMepHOCXflM, 4T0 H KHCnOpOAHblX UeHXpOB 
b ZnS, B nacxHocTH, ohh nonxcHbi HMeib nonocy nornomeHHH, cyme ctb e hho 
6onee KopoxKOBonHOByio, 4eM H3ny4eHHB, i.e. 6onbmon cxokcob CABHr. 

K HanGonee THmmHbiM cnynanM bo3Hhkhobchhh SAL-ueHTpOB b ZnS, no 
AaHHbiM Hauinx HccneflOBaHHH, cnenyex oxHeciH: B03HHKH0BeHHe SAL-CBene- 
hhh b o6nyMCHHbix MOHOKpHcxannax h npn hohhoh MMnnaHTauHH KHcnopofla, 
b o6pa3Aax, noABeprHyxbix nnacTunecKoii necfropMauHH (cm. pa3A. 5.2), h npw 
xepMoo6pa6oxKe MOHOKpHcxannoB b napax iiHHKa c 3 aKajiK 0 M. 

BecbMa xapaKxepHo noBeAeHHe SAL-nonocbi b MOHOKpHCTanjiax, xepMooGpa- 
GoxaHHbix b napax iiHHKa h cepbi (cm. pnc. 4.6 h4.14). Taic >Ke, KaK h b cnynae 
noponiKOB ZnS [119, 363], SAL-nonoca He oGHapy>KHBaexcH b cneKxpax 
KpncxanjioB cpaay nocne hx TepMooGpaGoxKH b napax cepbi c 3aKanK0H, xoxh 
y hcxoahmx o6pa3UOB OHa npojranHexcn Ha KopoiKOBonHOBOM cnaAe nonocbi 
ronyGoro CBeneHHH. y KpHcxannoB, o6pa6oTaHHbix b napax iihhkb c nocnenyro- 
men 3aKanKon. nomn BcerAa HMeexcn SAL-cBeqeHHe. CneKTpanbHoe nonoxce- 
HHe nonocbi Moxcex 6bixb paaHoe c MaKCHMyMOM b oGnacra ox 390 no 410 hm. 
C yBennneHHeM naBneHHH napoB iiHHKa npH xepMoo6pa6oTKe o6pa3uoB HHxeH- 
cMBHocTb SAL-nonocbi yMeHbuiaeicn. SAL-nonoca Hcne3aeT w co BpeMøHeM. 
HanpHMep, KaK bhaho H3 pHcyHKa 4.14, b pe3ynbTaie cxapeHHH KpHCTanna 
nonoca 395 hm ncqe3na, noHBHnacb .4 §-nonoca 368 hm. B npyrnx cnynanx 
HCneaHOBeHHe co BpøMCHeM SAL-nonocbi MOHOKpHcxannoB, npoKaneHHbix b 
napax uhhk a, conpoBoxcnaeTCH cymeciBeHHbiM vcHneHHeM cBeneHHH h norno- 
meHHH nanbHHx nap b oGnacxn 340—350 hm. B cbh3 H c sihm mo>kho nonaraxb, 
qxo SAL-nonoca HC4e3aex b pe3yjibxaxe pacxBopeHHH MexacxaGnnbHbix cerpe- 
raTOB KHcnopona b peuiexKe ZnS, oGorameHHOH BaKaHCKHMH cepbi. 

KaK oKa3anocb [153], npw o6pa6oiKe b napax iiHHKa coBepmeHHbix no 
cxpyKType MOHOKpncTannoB c<J>anepHia okcha o6pa3yexcn b ochobhom b 
xohkom noBepxHocTHOM cnoe (0,1 — 1 mkm) . KaK bhaho H3 pncyHKa 4.15, 
npoKanKa conpoBo>KAaexcH 3HanHTenbHbiM pocxoM HHTeHCHB hocth SAL-nonocbi 


1 PejiaKCHpoBaHHue B036y>KAeHHB bo3mo>khjj, iio-bhahmom y, h Ha KjiacTepax, ne BKjnowaio- 

UIHX KHCJIOpOfl. 
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ii i- ! _I_ 1 - i — i : -’ 

330 350 390 WO V5G 500 ii,HM 


Phc. 4,14. CneKTpfei KaTononioMH- 
HeCUeHUHH npH 80 K MOHOKpHC- 
xaruia c<j)aJiepHTa, BbrpameHHoro 
H3 pacruiaBa k OTOxoKCHHoro b na- 
pax UHHKa npH 1150°C (/). h 
Toro xce o6pa3ua Mepe3 nerbipe 
rofla (2) 



Phc. 4.15, CneKT^i KaronojiiOMHHccueHitHH npw 80 K BbipameHHoro H3 pacimaBa hcxoaho- 
ro MOHOKpHCTanHa ZnS (1), 33tcm o6pa6oTaHHoro b napax UHHKa npH 1150°C no (2) 
h no ene (-?) TpaBJieHHH 

Phc. 4.16. CneKTpbi B036y5KneHna SAl.-nonocbi ( 1 ) h 3eneHoft 520 hm (2) (JjOTOJiioMHHec- 
neHUHH KyGHnecKoro nopooiKa ZnS • O npw 80 K 


(KpMBaH 2). BKCJHTOHHan ^4 Hp -noJioca orpa>K6HMH ZnS • O CMemaexcn b 3Thx 
cjiynanx ao 329 -330 hm, CBHAeiejibCTByn o npenentHOM HacbiuieHHH KHcnopo- 
Aom cjioh ZnS TcjiuiHHOH He MeHee — 10“ 5 -10' 4 cm. B 3THx ycnoBHHX flOJDKHa 
B03HHKaTb /15,2-noJioca 430 cm, o6H3aHHa*i Sjihxchhm napaM, onHaKo bmgcto 
H ee mm HaøjiioAaeM b KaxoAOJnoMHHecueHumi SAL-nonocy. B pe3yjrbTaxe 
KpaXKOBpeMCHHOro XpaBAeHHH B XOJIOrøOM XpOMOBOM xpaBHXene TepMo- 
o6pa6oxaHHoro o6pa3ua SAL-nonoca ncnesaex (KpHBan J) h BoccxaHaBJiHBa- 
excH 3KCHxoHHbiH cneKxp, npHcymHH c(}>anepHxy c Ae(J>eKxaMH ynaKOBKH, 
IlpH øojiee npoAonxaiiejibHOM xpaBJieHHH cneKxp cBeqeHHH He H3Me Kanen. 
Ecjih xce SAL-nonoca oØHapyxcHBaexcH Ha cbokhx cKOJiax ncxonHbix moho- 
KpHCxajuiOB, BbipameHHbix, HanpHMep, H3 pacnnaBa, TpaBjieHne He cHHMaex 
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1‘m 4.1 /. CmiKrpbi KaTouojiK)- 
Mlilirriu*im.HH npH I 00 K HC- 
\o;iin)i\) MOiiOKpM^ajiJia ZnS 
(/ K oOjiyMCHHoro npOTonaMH 

• «irpiHcft 500 K3B ,q030tt 
IM"’ iM 2 (2) H SJlCKTpOHaMH 

• ►NCpiMCtt 2 MjB fl030fi 
f. ■ 10' ' CM 2 (J) 



*iv nojiocy H3JiyqeHHB h He H3MeHBei DKCtfioHHbie cneKxpbi oxpaxæHMH moho- 
» pnriiuuioB. 3xo 3 Ha 4 Mi, mo noHBJieHue uenrpoB SAL-CBeqeHHH bo 3 MO>kho 
ii h oflhCMC MOHOKpHCTaJUia. 

Ila pwc. 4 A6 hzh cneKTp B036v5KneHHH nojiocbi H 3 JiyqeHHH 395 hm ripn 
-sn K h cpaBHeHHH co cneKipoM BoaOyxcAeHHH 3eneHOH jnoMUHecueHiiHH ZnS. 
B iihx cneKTpax nono>KeHHe MaKCHMyMa HanGonee HHTeHCHBHOH nojiocbi 
mo if>y>KACHHH cooiBeTCTByeT yto-KOMnoHeaxe cneKTpa ZnS • O 336.0 hm, a 
/i.uumrnBOjiHOBaH nonoca Bo 36 yxcAeHHH SAL-H 3 JiyqeHHH 379 hm onpeflenHei 
ooaacrb nornomeHHK ueHipa. BennwHa cTOKcoBa CABura SAL-cBeqeHHH no 
hum naHHbiM coniacyeicH c BbraicjieHHon MHxepuojuiAHeH min pejiaKCHpoBaH* 
•im\ coc roBHHH A i ~A 3 -u,eHTpoB (cm. ia 6 ii. 3.4), 

Ij i h nojiyMCHHfl aonoJiHHTejibHbix cBeAeHHH o npHpoAe SAL-nojiochi HaMH 
oi.i m npoBeAeHbi HccneaoBaHMH xeMnepaxypHOH 3 aBHCHMocxH ee cneKxpajibHO' 

in ilojIOXCCHHH H MHTeHCHBHOCTH. IIo 3THM ABHHblM rOTHHHOBOJlHOBblH CABHr 

NA1-nojiocbi cocTaBUHei npn TeMnepaxypax 77-150 ii 150—300 K cooxBex- 
i iiifimo 2 - IQ " 4 h 8 • UT 4 3 B/K. TeMnepaTypHoe TymeHHe SAL-noJiocbi, 
i oiopoe HxMeex mccto b HHiepBajxe 150-300 K, xapaKTepHayeTCH 3Hepraen 
.iMHuanHH -~0,2 3B, mo, comacHo [366, 367], oxjiHHaexcn ox xapaKTepHCTHK 
^paouoro cBeMeHHH ZnO. MccJiejjoBaHHe pa 3 jmqHbix MOHOKpHcxaJiJioB ZnS 
* pa-fHMM iHnoM z?e(])eKTHocTH noKa 3 ano, mo SAL-nonoca He rndmomercn 
im ii noBepxHocTHOM cnoe, hh b oObeMe KpHcxajinoB, ecjin ohh conep>KaT 
m:i'IIUC/lbHOe KOJIHHecXBO AHCJlOKaUHH, HBJlHrølHHXCK CXOKaMH AJ 1 H TOHeHHblX 
;iim|k‘ktob, b qacTHociH oHa He Boamncaex h y TepMoo 6 pa 6 oiaHHbix b napax 
i in 11 k a k pn CTajuioB c 6 oJibiiiHM KOJiH^ecTBOM n poTHXceHHbix ne<})e ktob. Cer- 
IK ianna KHcjiopoAa Ha AHCJTOKauHHx, no-BHAHMOMy, He cnocoOcxByex bo3~ 
iihk noBeHHK) SAL-cBeMeHHH. 

()*icHb xapaKiepHa SAL-nonoca b oSnacTH 390—400 hm aah MOHOKpHcxaji- 
lioli, oGnyqeHHblX OblCXpbIMH HCHTpOHaMH (cm. pHC. 4.9, 6 ). H3BeCTHO [355], 
MlO HaHåOJiee yCIOHMHBblM XHnOM paAHaUHOHHblX Ae<j)eKIOB, BO3HHKai0IHHX 
Il HOJiynpOBOAHHKOBblX KpHCTaJTJiaX npH OØJiyqeHHH HeifTpOHaMH, hbjihiotch 
pa umMHoro Twna accounaxbi h joiacxepbi, Koxopbie b KaioAomoMHHecueHimH 
»uywar ocnoBHbiMH ueHxpaMH H3JiyqaTenbHOH peKOMOnHaunH, Flo AaHHbiM 
(104, 140], b ZnS pa 3 BHBaioxcH umncoBbie KjiacTepbi. 06pa30BaHHe hx 3 aMex- 
no y>Ke npH A03ax > 5 • 10 1 s cm -2 . HauiH 3 KcnepHMeHTM noKa3ajm, mto b 
i ih*k i pax nomomeHHH (h oTpaacemifl) MOHoicpHCTajmoB, oSjiyqeHHbix oucxpbi- 
mm MCHxpoHaMH npK Aosax 10 16 cm" 2 , HaqHHaex oxqexnHBo npoHBjiKXbca 
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Phc. 4.18. CneKTpbi MHKpoKaxo uojiiommh ecueHUMM npH 100 K HOHHO-nerHpoBaHHbix 
KHcJiopOfloM cnoeB ZnS c ycpem&tRGti no o&beMy KOHUeHTpauHeft kucj lopona 10 21 (a) m 
10 20 cm ' 3 (ø) 

CneKTpbi 1—4 (a) h 2 , 3 { 6 ) cooTBeTCTByioT y^acTKaM cnoeB c paaHon n ok<i jxbhoh 

KOHueHTpaixHeH KHCJiopoAa; cneKTp 1 ( 6 ) — HexoflHbm (HenernpoBaKHbiH) o6pa3ey 


b nornomeHHH (a b prøe cnynaeB h b 0Tpa>KeHMM) AononHHTenbHaH nonoca, 
OTMHHOBOnHOBblH Kp3H KOTopOH npHXOAHTCH Ka 365—370 HM (80 K) . n P H 
Aoaax 10 17 cm -2 h Bbirne Kpaii Aonon hhT e ji bHoro nornomeHHH cneKTpanbHo 
He cMemaeiCH, ho ciaHOBHTCH onem» pe 3 KHM, cBHAeienbCTByH 06 yBenHMeHHH 
nornomeHHH. Taicue xce AaHHbie nonyneHH b paSoie [354]. 

HaOmoAeHHe o6pa3uoB, oOnyneHHbix HeHTpoHaMH, b pacipoBOM 3neKipoH- 
HbiM MHKpocKone He nosBonnno BbiHBHTb cocraB HeoAHopoAHocrew b chjiv 
hx paccpeAOTOHeHHoeTK b oObeMe MOHOKpucTanna H3-aa 6onbinon rJiyOHHbi 
npoHHKHOBeHHH HeHTpoHHoro nyraa. Mbi nonbirajiHCb nonyraib tot ace 3<])4)eKT 
b tohkom noBepxHOCTHOM (AOCTynHOM ahh HcaieAOBaHHH) cnoe npw o6nyqe- 
hhh MOHOKpHCTajuiHHecKoro cicoJia ZnS npoTOHaMH c aHepineH 0,5-8 msB 
h A030H JO 16 — 10 17 cm - 2 . OKa3ajiocb, mo h nocne oOnyqeHHH npoTOHaMH 
b cneKipe Kai^qoniOMHHecueHAHH B03HHKjia SAL-nonoca (pnc. 4.17, KpM- 
Ban 2), a b cneKTpax OTpaxceHHH — AononHHTenbHoe nornomeHHe ao 365 hm 
(80 K) . MccneAOBaHHe o6nyqeHHOH npoTOHaMH noBepxHocTH b P3M He o6Ha- 
pyxcHJio CKonneHHH KJiacTepOB, KOTopbie, no-BHAHMOMy, paBHoMepHo pacnpe- 
AeneHbi b cnoe h HMeiOT pa3Mep MeHbine neM 0,1 mkm. B cneKTpax KaTOAomo- 
MHHecueHUHH 34)4)eKT, aHanorH^HbiM oOnyneHHio npoTOHaMH (nnn HeHTpoHa- 
mh), Mbi HaOnrøAanH xaKXce npw oOnyneHHH 3JieKTpoHaMH (pnc. 4.17, koh- 
Ban 3). SAL-CBeneHKe 380—385 hm B03HHKano h npn kohhoh hmiui aHTaAHH 
KHcnopoAa b ZnS (pnc. 4.18). HepaBHOMepHoe pacnpeAeneHHe KHcnopOAa 
b HOHHo-nernpoBaHHOM cnoe, ocoOeHHo npw OonbiuHX A03ax, cooTBexcTByio- 
iuhx ycpeAHeHHOH no oObeMy KOHueHTpanHH KHcnopoAa 10 2 1 (ff) h 
10 20 cm" 3 (6), npHBOAHno k TOMy, nro cneKipbi MHKpoKaiOAonioMHHecueH- 
Uhh oiAenbHbix ynaciKOB 0Ka3biBaJiHCb paanwrøbiMH. 06 mMeuemm noKanbHon 
KoHueHTpauHH KHcnopona moxcho 6buro cyAHTb no cbcthmocth b oTpaxceHHbix 
aneKTpoHax. Ha pwc. 4.18, a KpHBbie 1 -> 4, CHHTbie ajih pa3Hbix yqacTKOB 
OAHoro h Toro xce o6pa3ua, cooTBeiCTByioT yBennnemiio noKanbHoii kohucht- 
pauHH KHcnopoAa. OTAenbHbie cneKTpbi o6HapyxcHBaior SAL-nonocy bmccto 
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*<sKHjiacMOH nojiocbi 6jik>khhx mp 420 hm. To >xe oxMenaeiCH h jxnn o6pa3iia, 
riicK ipi»i kg to po ro npe.a,CTaB^eHbi Ha pnc. 4,18, 6 . 

MccuefloBaHHK b P3M 6ojibiimx cKOiuieHHH KjiaciepoB b KpHCTajuiax, Bbipa- 
moHHbix H3 pacroia&a hjih TepMoo6pa6oiaHHbix b napax munca, noKaaajiw, 
•no BMAeneHHH npocMaipHBaioTCH b OTpax<eHHbix ajieKipoHax kbk 6onee 
ii MHbic Ha 4>OHe cBejnoH MaTpuiibi h no3xoMy Moryx GbiTb oGnsaHbi TOJibKO 
CKOlUICHHflM CO C pC AH HM ROpHAKOBblM HOMepOM, MeHMIIHM, MCM CpeAHHH 
nopHAKOBMH ifoMep ZnS [ 368 ]. TaKHM oøpaaoM, KjiacTepbi couepJKax khcjio- 
a uhhk mo/kct u pHcyicTBOBaib b hhx AHiiib k aK conyxcxByiomafl npHMeCb. 
Bo mhøihx cJiyManx. Koroa oxpa>KeHHbie aneKTpoHbi npn cbeMKe b P3M He 
<)OHapy>KHBaK)T SAL-UeHTpOB. B CBeTe K STO AO JIK5 MHHe CUeHUHH B 3THX >KC 
kpHCTajmax npoKBJJHfOTCH TeMHbie oGnacTH paaMepoM — 1 — 10 mkm, IIo-bhah- 
mo My, H3-sa tofo, mo pa3Mepw KHcnopoAcoAepxcamHX CKoiuieHHH Majibi h 
COC iaB MX OTJIHMaeTCB OT MaTpHHbl MCHee MCM Ha 1%, BbIHBJIHIOTCH OHH JlMHJb 
it Ka lojiojHOMHHecueHiuiH, KOTopaa xapaKTepH3yeT 66;ibUiHe no pa3Mepy, 
'i<‘M CKoiuieHHH, nojin AecfcopMaiiKH BOKpyr KJiacTepoB (cm. TaK)Ke Aanee 
pur 5.1). ,He<])opMauHH b CTpyKType, KOHe^Ho, Moi*yx 6biTb o6n3aHbi He xojib- 
ko knacTepaM KHcnopoua b BHfle SAL-ueHipos, ho h BbifleneHKHM ZnO • S-4>a- 
ii.i. PawjiHTb 3TH ABa cJiy^aH bo3mo>kho npn conocxaBneHHH cneKTpoB KaTO- 
AoiMOMMHeCUeHUHH H nOfJlOUieHHH KpHCiaJlJIOB. PaCCMOTpHM B CBH3H C 3THM 

ocoOchhocth cneKTpoB ZnO • S-BbmejieHHH b cynbc})MAe UHHKa. 


1.5. HOJlOCbl OKCHflHblX BblAEJlEHMtt 

H (UEKTPAX JTfOMWHECUEHUHH Cy/lbOHAA UHHKA 

OnpeAenewiie pacxBopeHHoro KHcnopoAa no askkbim peHireHocxpyKTypHO- 

10 .iiiann3a h ofimero KOjurøecxBa KHcnopoAa b ZnS aKTHBaiiHOHHbiM hjih 
xiimmmockhm aHannsoM noKa3ajio, mo bo MHorwx oJiVHaflx [0] 0 gn.i npeBbiina- 
n h 2 3 pa3a h 6onee KOHiieHTpaimio pacxBopeHHoro KHCJiopoAa [Os] - 3to 
npo/uiojiaraeT B03Mo>KHocib npHcyxciBHH b ZnS BbiAejieHHH c nosbiiiieHHOH 
kOimciITpaUHeH KHCAOpOAa, B HaCTHOCTH OKCHAa UHHKa. JlflK BbIHBJieHHfl 
iinjmc jnoMHHecueHAMn ZnO b cneKTpe ZnS Mbi HCCJieAOBanH oGnacTb 3 kch- 
minioro cneKTpa OKcnna* 370 -380 hm [ 369 , 370 ], a Taioice GoJiee ahhhho- 
HojiiioByio oGnacxb KpaeBoro cneicipa ZnO [ 366 , 367 ] w 3ejieHyio nojiocy, 
nocKOJibKy BbiAenmoiHHH b ZnS okcha oSftapyvKHBaex 3io cBeqeHwe [ 371 ]. 

JUiHHbie peHireHocTpyKXvpHoro h aKiHBauHOHHoro aHajinsa CBHAexejibcx- 
iiyioi o tom, mo Gonbiuoe kojimmøctbo HaøbiTOHHoro Han pacTBopeHHbiM khcjio- 
|K»;ia o6Hapv)KHBaeTCH b HeKOTopbix MOHOKpHCTajniax, BbipauieHHbix H 3 
panuiaBa. Ha pHc, 4.19 npHBeAeH cneKTp jnoMHHecueHuiiH xaKoro KpHCTaJuia b 
niek i panbHOH oGnacTH, coorBexcTByrømeH 3 KCHxoHHoMy cneKTpy ZnO (Kpn- 
iiaH /). B HeM HaGmoAaeTcn iimpoKan nonoca 360—380 hm ( 3 ia nonoca He 
iiafwiioAaeTCH y KpHCTajuioB, BbipauieHHbix H 3 napoBOH ^aabi b xokc H2S 
hjih mctoaom TpaHcnopiHbix peaiciiHH, a y o 6 pa 3 iioB, BbipauieHHbix nepeicpHc- 
lajuiH iaiiHeH b tokc HHepxHoro ra 3 a, oHa npoMepneTCH He BcerAa). IloJioca 
h ujy i ichhh 360—380 hm pacruiaBHoro c^ajiepHxa MOxceT 6 bixb caoxchoh, noc- 
kojibKy b toh xce oønacTH pacnojioxceHhi As-KoMnoHeHia cneKTpa khcjiopoa- 
m.ix ueHTpoB, SAL-cBeMeHwe h 3 KCHTOHHbie nonocbi ZnO, npnqeM Bce nojiocbi 

11 C<|>aJiepHTe AOJI>KHbI npOHBJIHTbCH npH H 36 bITKe KHCJiopoAa. JX JIH yCKOpeHHH 
np<iuecca BbiAeneHHH H 3 cynb(])HAa UHHKa (J>a 3 bi ZnO, o 6 pa 3 iibi oiKHranHCb 
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Phc. 4.19. CneKTpbi KaTOflOJiiOMHHecueHUHH npw 80 K BbipameHKoro H3 pacmiasa hcxoh- 
Horo MOHOKpHCTajma cynwjmaa UHHKa(-Z); xoro ace oOpaaua nocjie TepMoo6pa6oTKH (2); 
KcxooHoro MOHOKpHCTajuia c 4 >ajtepHTa, nonyqeHHoro rHApOTepMaJiBKbiM mctohom (3 ); 
xoro >Ke KpHCTajiJia nocJie oTacnra (4) h nopouiKa OKcmta miHKa (5) 

Phc. 4.20. CneKTpbi (J)OTOJiiOMHHecueHUHH npn 80 K nopouiKOB cyjn*4>Kna mmKa II rana 
1 — HcxonHbm nopoiuoK; 2 — nopomOK, OTOHOKeHHbm npw 1100 c C b BaKyyMe 

(I0” 1 —10“ 2 Topp); 3 — nopomoxi OTOMOKeHHbm npw 1200 C b aaKyyMe (10" 1 — 
10“ 2 Topp) 


nviGo b BaicyyMe, jih6o b napax cynb4>HAa uhhke, cepbi h iihhkh c nocjiejiyio- 
uihm MeoneHHbiM oxjiaacaeHKeM- B peayjibxaxe odkhth (bo ecex cpeaax, KpoMe 
napoB umhke) nonoca 360-380 hm HcnbiTbraana AJiHHHOBOJiHOBbiH casht h 
(b oxaejibHbix cnyqanx) paapeuiajiacb Ha pn,u komhohcht (kphbeh 2) c 
mok chmv Må mm npw 369,3; 374,7; 383,4 hm. 3th nonocbi H3nyqeHHH coBria- 
flaioT co cneKTpoM KaTorøJiioMHHecueHHHH nopouiKa oKCHfla rrøHKa (KpHBaa 5). 
nocKOJibKy yqgpBHH orymra (ocoOchho b napax cepbi) HCKjuoqajiM bo3Mo>k- 
HOCTb OKHCJieHHH o6pa31ia, TO IIOHBJieHHe y3KHX nonoc 3KCHTOHHOrO eneKTpa 
ZnO (cm. pHC. 4.4, e, KpKBan 2) b KaxoAonrøMHHecireHUHH pacrmaBHbix 
c4)ajiepHTOB o6H3aHo BbiAeneKHio OKCKAa H3 o6i>eMa HcxoaHoro o6pa3ii;a b 
pe3yjibxaTe oxxcnra. Ha MHKpo<J>oxorpa<}>HflX HeoflHopoAHoexH MOHOKpucxan- 
jiob ZnS nocne oxacHra npoHBjinioTCH b CBeie KaxoAonioMHHecueHAHH (cm. 
Aanee pwc. 5.3). 

MccneAOBaHHH 6 buih npoBezieKbi u Ha Goraibix khcjiopoaom nopouiKax 
ZnS. ZIah hhx 6bum chhxm cneKTpbi (boxoniOMHHecueHUHH, tek KaK CBeqeHHe 
nopouiKOB b ynbxpa<})HonexoBOH oønacTH 6ojiee HKxeHCHBHoe, qeM y moho- 
KpHCTanjioB (pHc. 4.20). OKa3ajiocb, qxo nonoca b oOnaciH 355—380 hm 
OT cyTCTByeT h b cneKTpax HsnyqeHHH (pnc. 4.20, KpHBan 1 ),hb cneKxpax 
BC35y>KAeHHfl <J)OXOniOMHHeCll6HUKH nopouiKOB (pHC. 4.21, KpHBEH i), eCJTH 
ycnoBHH npH toxobJ ieHHH o6pa3UOB HCKJiioqaiox npwcyxcxBHe KncnopoAa. 
Gaheko ccjih nopoiuoK ZnS oxxceqb b axMoccj)epe, coAep>KameH KHcnopoA, 
xo b H3JiyqeHHH ero noHBJinexcH nonoca 370 hm (cm. pnc. 4.20, KpuBan 2), 
HHxeHCHBHocxb KoxopoH ycHJiHBaexcH c yBejiHqeHHeM BpeMeHH hjih xeMnepa- 
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Tm 4.21. CneKrpbi B03f>y>KAeHi«i 3e/ieHoft , onnH efl. 
nojioi i.i cbcwchrh HcxoflHoro nopouiKa 

* ym*«|>HAa uHHKa (7) ; Toro ace nopouiKa, i^qq 
okh<jiciiiioix> b BaKyyMe ~ 10" 2 Topp 
upii 1100 °C ( 2 ); nopouiKa oKcnaa uhh- 
k;i (.0 h niHXTbi, HcnoJib3yeMOft fljiu 
ni.ipaiiiHuaHHii MOHOKpHcrajuiOB c$ajiepH- 

i .i ii» pacnnana (4 ) 

JOD 

■ vpi.i ODKHra (cm. pwc. 4.20, Kpn- 
HilH J). OAHOBpeMeHHO ycmiHBaeTCH 

ii icJicnoe cBe»ieHHe 520 hm, koto- 
poc naOnioAaeTCH y ZnO [46—50]. 2 qq \ 

( iicKip B036y>KAeHHH aeneHOH nojio- 
u.i laKwx o6pa3uoB (cm. pHc. 4.21, 
k |>n h aa 2) HMeeT HapHAy c xapaKTep- 
iiom ;uih ZnS nojiocoH 310- 340 hm 
umee jj^MKHOBOnHOByK) h cnomiyio 
ii*» cipyKrype noJiocy c MaKCHMy- 
m;imh 362,5; 366,7; 369,0; 

*/4,<) HM. Il0J10>KeHHe HX COOTBeTCT- 
nye i jkchtohhijIM nonocaM ZnO 
II <)I piDKCHHH [370] H B036y)KfleHHH 
(* M pHC. 4.21 , KpHBaH 3 ) . y noporn- 

. on /.nS, nonyqeHHbix BapbiBHbiM møtoaom (cm. pwc. 4.1, é) h hmcioiixhx 

* vm* ciBCHHyio pa3HHuy b BejiHMHHax [0] o 6m h [Os] no flaHHMM aHajiH30B, 
iHHNica R036y)KAeHHH b o6jiacrH 3Kchtohhoto cneKTpa ZnO bo MHoro pa3 

iHHir HHTeHCHBHa, qeM KQpOTKOBOJIHOBbie KOMnOHeHTbl BO30y>KAeHHH B 
«iiitiaciM yjibTpa<])HOJieTOBoro cneKipa cyjib(})HAa UHHKa (pnc. 4.21, KpHBan4). 

1 ;ikhm o6pa30M, 3 th onbiTbi noATBep^KAaiOT npwcyTCTBHe ZnO b cynb<i)Hfle 
ii ii »i ha B nopouiKax ZnS nonocbi OKCHAa MoryT noHBJiHTbCH b pe3ynbTaTe 
ohiirurHMfl nOBepXHOCTH. 0AH3KO OHH He Bceraa CHHMaiOTCH TpaBJieHHeM B 
\k ryrilOH KHCJIOTe H npOMepHIOTCH B CTieKTpaX OTpaXCeHHH nOpOUIKOB KaK flO, 

i.ik ii nocjic TpaBJieHHH. y MoHOKpHCTajinoB ZnS nonocbi OKCHAa HaOmonaioTCH 

It KaioAOJIIOMHHeCUeHUHH Ha CBe>KHX CKOJiaX H TOJIbKO AHH 06pa3A0B C flOBbl- 



NU MIIMM COACpXCaHHeM KHCJlOpOAa. 

Jl;iH MOHOKpMCTajlJlOB, BblpaiHeHHblX THApOiepMaJlbHblM meJIOHHblM CHHTe- 
i"M, nr ynacrca AoOHTbCH BbineneHHH cneKTpa KaioAOJiioMHHecueHUHH nncroro 
oKi ii,na na>Ke b pe3ynbxaTe BbicoKOTeMnepaiypHbix TpeHHpoBOK (cm, pwc. 4.19, 
i pimaH 4). B oonacTH, cooTBeTCTByiomeH 3KCHTOHHQMy cneKTpy ZnO, HaOjno- 
ii.inoi nonoca, MaKCHMyM kotopoh Mo>KeT CMeuiaibCH ot 362 ao 362 hm a^h 
| u imiMUMx o6pa3UOB h paaJiHHHbix ckojiob gahoto KpHCTajuia. Doene OT>KHra 
iioiioai 3b 5 hm pa3AenHeTCH Ha ABe — 364,5 h 372 hm (cm. pwc. 4.19, KpH- 
n.IH 4) KopOTKOBOJIHOBaHH3HHX MO>KeT 6bITb OTHeceHa K cneKTpy ^ 3 -ueHT- 
pttii JlmnHoBonHOBan motot onpeACJiflTbcH c<])opMHpOBaBiiieHCH Ae<})eKTHOH 
*|>.i ion oKCHAa, y kotopoh 3KCHTOHHbie nonocbi ZnO * S b KaTonojnoMMHec- 
nriHi.im nr pa3peuiaioTCH. B cneKTpax nornomeHHH (oipaxceHHH) 3THxo6pa3uoB 
iMinnnHi.ir nonocbi ZnO He npoMepniOTCH, no-BHAHMOMy, M3-3a Manoro 
Mi/lll*ircilia H AC(})eKTHOCTH BblA^AHlOmeHCH H3 ZnS OKCHAHOH <})a3bL B TO 
•hr ltjK‘MH AOlIOJIHHTeJIbHblH KpaH nOTJlOlUeHHH ~350 HM B TBKHX KpHCTaJIJiaX, 
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xapaKiepH3yK)iuHH npncyTCTBHe Af-ueHTpoB, HaGjnoAaeTCfl KaK rø, thk h nocne 
xepMOo6pa6oTKM. 

Ecjih KpHciajiJiH3auHH ZnS nponcxoAHr OAHOBpeMcimo c ZnO, kzk 3to 
hmøct xMecTO s HanpMMep, b rnApoTøpMajibHbix cpejjax npH .Gonbuinx kohucht- 
pauHHX KOH. to o6pa3yioiiXHHCH ok enn, oGHapyxcHBaeT CBeueHue He b oGnacTM 
3KcuTOHHoro cneKipa ZnO 370 hm, a b Gojiee zvthhhobojihoboh, cneKTpajibHo 
coBnanaioiiieH c SAL-iiojiocom, 

B peuieme Maxpuiibi pe3KVio rpammy Meagjy BbiAenemiflMM (J)a3bi ZnO - S 
K KnaciepaMH - SAL-uempaMH npoBecTH hcbo3mo>kho, OHa onpejiejiHeicfl, 
CKOpee, pasMepaMH KHCjropoAHbix ckoiuichhh. B qacTHocTM, ajth MOHOKpwcTan- 
jiob rHApoxepMajibHoro mejioflHoro e(j>ajiepHTa H3BøcTHbi ycnOBHH nepexoAa 
ot KpHCTajuiHsauKH ZnS k cobmccthoh KpHCTajuiH3aunM ZnO h ZnS npH 
yEQsimemm KOHueHTpauHH KOH (cm. pnc. L4), MceneAoBaKHfl mhkpoct- 
pyKxypw h KaTonoJiioMMHecueHuHH b P3M noKaiann, mo npH yBenHMeHHH 

KOHUeHTpaUMH LUCJIOMH B ofrbCMe MOHOKpMCTdJUia BQ3HMKaK)T BKJHOHeHHH. 
PaccMOTpeHHe tbkhx KpHcrajuioB b nonHpH30BaHHOM cBeie npn CKpemeHHbix 
hhkojthx BbiHBJiaeT Biopyrø y KaK zxb ynpe ji o mjibK> myK) na <j)OHe H30Tpon- 
HOH MaTpHUbl (CM, pHC. 3.9, fl) . CnCKTpbl BKJimeHHH HMCIOT nonocbi B o6nacTH 
395-420 hm (cm. pnc. 3.8). 

npH cobmccthoh k pncxa Jirm3aunn ZnO h ZnS bo3Mom<ho npHcyrcTBHe b 
Z nO cepbi. Cepa, KaK h3bcctho [155] f o6pa3yeT c ZnO orpaHHHøHHbie TBepAbie 
paCTBopbi 3aMemeHMH c npeaeJibHOH pacTBopHMocTbio ~0,3 Mon.%npH 1200° C. 
Ilpn 3TOM HCCOMHeHHO 06pa30BaHHe B ZnO H303JieKTpOHHbIX CepHblXXICHTpOB, 
Ha KOTOpblX npOHCXOAHT peJiaKeaUHH 3JieKipOHHMX B036yTOeHHH. Ohh AOJIX- 
Hbi jxaBaTb nonocbi b H3JiyHeHHH. CpaBHHTejibHo MCHbmaH npemejibHaH pacTBo- 
pHMOCTb ZnS b ZnO (no cpaBHeHHio c ZnO b ZnS) npw nporøx OAHHaKOBbix 
napaMeipax, iaKHx, KaK pa3Hocxb 3(})(}>eKTHBHhix parøycoB h 3neKTpooTpHij;a- 
TejibHocieH (cm. ia6ji. 3.1), CBH^eienbCTByeT o tom, mo S 0 -ueHTpbi aojdkhm 
CHJibHee HCKaxcaxb peiueTKy ZnO h npHBOEHTb k 6ojiee myGoKHM nponeccaM 
pejiaKcauHH, hokøjih Og-ueHTpbi. llo3TOMy ajih hhx h 3HeprHK) cbh3H, xapaK- 
xepH3yiomyio cneKxpanbHoe noJioxceHHø no/ioc, moxcho oxomaTb HecKOjibKo 
Gdiibiuyio. B cneKTpax noniomeHMfl rønoJiHHTCJibHbiH Kpaft npH 77 K otmc- 
naeTCH ojih zeos -CHCTCMbi npH ^380 hm [155] (hjih 390 hm npH 300 K). 
B 3 Toh xce oGnacTH cneKTpa jyw o6pa3UOB, oGnyMeHHbix HeHipoHaMH. mbi 
H aOnrøAajiH y3Kyio nonocy KaioAOJiioMHHøcijøHiiHH 384 hm (pnc. 4.22), koto- 
pan ycHJiHBajiacb npn aKTHBauHH ZnO cepoA b npouecce o6;iyMeHHH. Mbi npn~ 
hhjih ee 3a6ec$oHOHHyio OTHH30jiHpoBaHHMx S 0 -ueHTpoB. IIocKOJibKy noiioca 
nornomeHHH cboGoahofo yl-3KCHioHa ZnO pacnonoaceHa npH 367,8 hm (77 K). 
to 3HeprnH pejiaKcauHH Ha H30JiHpoBaHHbix So-ueHTpax c y^CTOM CTOKcoBa 
cflBHra ('^20 M3B) cocTaBJifløT ~0,12 aB. 

Til fl OUCHKH B03MO>KHorO BJIHflHHfl Sq "~So -UCHTpOB Ha JHOMHHeCUeHUHK) 

ZnS b 6onee ajihhhobohhoboh oGjiacrH Mbi npoBenH opHeHTHpoBouHbiH pac^eT 
cneKtpa KaToflonrøMHHeciieHUHH cepHbix ueHTpoB A p b CHøreMe ZnO • S (cm. 
pHC. 4.22, uiTpHXjjHarpaMMa). PacneT npoBeftøH no aHajiorHH c pacMeioM 3Hep- 
thh penaKcauHM KHCJiopoAHbix nap b cxpyKtype Biopuma c y^eTOM CTOKCOBbix 
c^BHroB h 3KcnepHMeHTajibHbix flaHHbix. Ha warpaMMe pnc. 4.22 npHBCAeHbi 
ocHOBHbie KOMnoHeHTw cneKTpa, npHBeM AJiHHa uitphxob xapaKiepH3yeT 
qHCJIO 3KBHBaJieHTHbIX HJIH 6JIH3KHX HeHTpOB B CTpyKTypC ZnO H MOXCeT 
GbiTb conocTaBJieHa c oiHOCHTejibHOH HHieHCHBHOCTbio nonoc A p 6e3 y^ra 
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n i i <|i;t;u‘pHTa, oCnyMeHHoro ObiCTpuMH HeftTpo hemh uoaofe 10 19 cm" 2 h uiTpHXUHarpaM- 
m.» .ifcicrpa /riOMHHecueHUHH cepHbix ueHTpoB b ZnO*S paccMirraHHaa no aHanornH c 
/ nS ( ) 

Pm 4 M C’ucKrpbi B03&y>KAeHHJi npH 80 K 3eneHoft (520 hm) <J)OTomoMHHecueHUHH 
M-Kr.iroiiajnaioio nopouiKa ZnS-O, TepMOo6pa6oTaHHoro b napax cepbi (7), BanyyMe 
(/) H liapax UHHKa (j) 


bOIIuem paiXHOHHOH 3aBHCHMOCXH. PaC^eT nOKa3bIBaei B03MO>KHOCXb nOHBJieHHH 
miioi ojiHHCHHaToro cneKTpa ZnO * S-BWAejieHMH b H3JiyqeHHH h norjiomeHHH 
< S UHHKa. 

( paiuiHrejibHo Majian pacTBopHMocib cepw b ZnO, ocoøeHHo npH xeMnepa- 
ivpax maucjieHHB ZnO * S-$a3bi H3 cynbtfcima uhhkb, npennonaraex o0pa3oBa- 
imr npejuioqxHxejibHo H3ojiHpoBaHHbix ueHxpoB h uajibHHX nap, moMHHecueHUHa 
hoiopMx cooxBexcxByex yjibxpa4>HOJiexoBOH h chhch o6;iacxH. Ilo aaHHbiM 
| l/l|, BBeueHHe b ZnO cepw uaex xaKace 3ejieHyio jiioMHHecueHUHio (cpeA- 
iim* napw), a b pa6oxax [331, 332] oxMeqanacb B03M0>KH0CXb bo3Hhkhobøhhh 
ii ZnS KpacHoro CBeqeHHH, CBH3aHHoro c okchahwmh BbmejieHHHMH (6jiH*cHiie 
napw). 

H aiyqae uanbHwx nap cepw b ZnO • S (rpynna nonoc b oSnacxH SAL-CBe- 
•iniHH ZnS • O) BennqHHa cxoKCOBbix cabhxob uonxcHa 6bixb, no HaniHM 
;«iiucwm, ~ 40—60 M3B. 3io oxjinqaex nonocw najribHHxnap ZnO • S ox SAL-H3- 
nyieiiMH ZnS, Koxopoe npH6uH>KaexcB no cbohm xapaKxepncxHKaM k H3Jiyqe- 
iiino /lj Ai 2 -cocxohhhh c ooJTbUWMH cxoKcoBWMH cABHraMH. Ecjih o6pa- 
lokiaiiHH b ZnS cooxBexciByiox SAL-ueHxpaM, xo ciokcobw CABurn ajih hhx 
nopauKa 200-300 M3B. IloaxoMy AJiHHHOBOJiHOBbiH Kpan AonojiHHxe.nbHoro 
imiiioinoHHfl AJiH SAL-ueHxpoB cflBHHyi ao 365—370 hm, a ajth S g —Sq 
naiiwiHx nap Kpafi hojiocw nornomeHHH cooxBexcxByex 390 hm. 

iMitopuMeHxajibHo mw HaOnioAajiH cxpyKTypy cneKipa ZnO • S npH Hccne- 
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røBaHHH cneKTpoB B036y>KAeHMH ZnS (pnc. 4.23), b kotopom okcha Bbrøe- 
jihjich npH MeAJieHHOM oxJia>fc ( aeHMH, m b KaroflojiiOMHHecueHUHH npoKajieHHbix 
b napax ijHHica MOHOKpHCTajuioB ZnS c AncjioKauKflMH. KpoMe to ro, peaKo 
ycMJiHBaexcH MHorojiHHeimihiH cneKxp ZnO - S npw HeHTpoHHOH 6oM6apAH- 
POBKe M03aMH > 10 19 CM“ 2 , nO-BHflMMOMy, H3-3a COØHpaHHB KMCJIOpOfla ABB- 
>KyiHK MM CH non B03£eHCTBHeM HeHTpOHHblX ny*IKOB AHCJlOKaUHHMH (cm. 
pKC. 4.10, 6 m 4.22). rijiaciMMecKafl ae^opMauMH, KOTopan TaKXce npwBOAHT 
K B03HHKH0B6HHK) H ABHXCeHHK) AHCJlOKaUHH, yCHJIHBaeT CBCMeHMe ZnO • S-<|)a- 
3 bi b oOnacTH 450—640 hm (cm. pwc. 3.24 h pa3A. 5.3). Uhcjio nonoc cneKTpa 
ZnO ■ S, Koiopoe HaømoAaeTCfl 3KcnepHMeHTajibH0, npHMepHO cooTBeTCTByeT 
npennojiaraeMOH MOAenn. TaKHM o0pa3OM, xoth crporHH pacneT cneKTpa 
cepw b ZnO b HacTOHmee BpeMH 3aTpyAHMTeneH, npeAno>KeHHaH MHTepnpe- 
TaUMH nO3B0J!HeT yenemHO O&bHCHHTb B03HHKH0BeHHe CBeMeHHH, CBH3aHHOrO 
c 3THMH ueHipaMM. nonyneHHbie AaHHwe o6bHCHHK)T cno>KHyK) cTpyKTypy 
cneKTpoB JiioMHHecneHUHM, bo 3 6y5KAC hmh m nornomeHHH ZnS b ofriacrn 384- 
640 hm, B03HHKHOBeHHe nonoc A Hp b oOjiacTH 369—377 hm, Ha6niOAaeMoe 
cMeuzeHHe Kpan nornomeHHH ZnO b ftjiHHHOBOjiHOByio ctopohv npn BBeneHHH 
cepbi [155] , a TaK*:e H3MeHeHHe cneKTpajibHOH oftnacTH cBenemifl BbineneHHH 
ZnO • S b 3aBHCHMOCTH ot conepxcaHHH b hhx cepbi (cm. pa3A- 5 .3) . 


TjiaBa 5 

OrmmECKHE CBOfiCTBA PEAJlbHblX MOHOKPHCTAJIJIOB 
CyJlbOPWA UHHKA 

B peaJTbHbix MOHOKpMCTajuiax cyjib(J)HAa uMHKa, conepacauiHX KHcnopou, 
MOHCHG OKHAaTb, \jjO B H3JiyMeHHH, nOMHMO TOMCHHblX UeHTpOB, npHHHMaiOT 
ynacTHe pa3HHMHoro pona CKonneHHH npHMecH Ha AHcnoKamtax hjih Ae<[>eK- 
Tax ynaKOBKH. OnyKTyaunH cociaBa TBepAoro pacisopa TaKXce cnocoSHbi 
CBH3bIBaTb Bq§6yXCAeHHbie COCTOHHHH H ynaCTBOBaTb B peKOMØHHaUHH [181]. 
PaccMOTpHM b CBH3H c 3 thm xapaKTep pacnpeueneHHH h pont KHcnopoua 
B JUOMHHeeueHAHH CaMOaKTHBHpOBaHHblX nOJiyneHHhlX pa3HbIMM MeTOAaMM 
MOHOKpHciajiAOB ZnS, a TaKxæ BJiHHHue HeKOTopwx reTepoBaneHTHbix npn- 
Mecew Ha pacnpeAeJieHHe KHcnopoAa b hhx. 

5.1. OnTHMECKHfl METOA KOHTPOJlfl KAHECTBA KPMCTAJIJIOB 

CynbOHAA UMHKA 

MccneAOBaHHe npupoubi cneKTpoB nornomeHHH h rnnyvemiR cyjib^HAa 
UMHKa, B HaCTHOCTM BBeACHHe HOBblX npeACTaBJieHHH O eneKTpe H303neKTpOH- 
Hbix ueHTpOB KMcnopoua b ZnS, no3BonneT Hcnonb30BaTb nonyneHHbie ash* 
Hbie ahh Hepa3pyHiaiomero onnrøecKoro Komponn KaneciBa moho- h nojin- 
KpHCTajinoB 3Toro Maiepnana. TaK, cneKTpw OTpaHceHHH h nornomeHHH naioT 
OAHO3HaMHyi0 HHtJjOpMaUHH) O npHCyTCTBHH H KOHUeHTpail,HH pacTBopeHHoro 
KMcnopoua b y3jiax pemeTKH cynb<})HAa UMHKa. Y o6pa3UOB 3CZnS, KOHuen- 
TpauHa pacTBopeHHoro KKcnopona b KOTOpwx > 0,1 moji.%, HaGmouaeicH 
AonoJiHHTenbHbiM AAHHHOBOjiHOBbiM Kpan nornomeHHH 335 HM npH 80 K, 


150 



ofiyaiOBJlCHHblH- M30JlHp0BaKHblMH Og -UCHTpaMH. ripH KOHUeHTpaUHflX KHCJIO- 
0,3-0,6 moji-% B03HHKaeT h ycHJiHBaeTCH nornomeHHe b 6onee ahhh- 
iiohojnioboh oOnacTM 335—350 hm, o6H3aHHoe aaJibHHM Os—Og-napaM. FIojib- 
Mfiiitc AonoJiHHTeJibHoro Kpan nomoiiieHHH b oGnacTH 385—400 hm cbhac- 
icjibciByeT o Hanmm b ZnS BbmeJieHHH ZnO ■ S-(Jia3bi. IlocKOJibKy oOpaao- 
ii.inne SAL-ueHTpOB npeAinecxByeT BMAeJieHHrø okchahoh 4>a3bi, bo3HHkho- 
M(*nnc SAL-nonoc KaTOAOJirøMHHecAeHAHH 385—4)0 hm mpany c KpaeM nonio- 
iiieiiHH 365—370 hm cBHAeTenbCXByeT o ctbahm npeABbiAejieHHH OKCHAa. PacT- 
itopciiHc KHcnopofla b o6i>eMe ochobhoh peweTKH 2//ZnS b kohuøhT paiiHHx 
* 0,4 MOJl.% (J)HKCHpyøTCH KOJlHMeCTBeHHO no flJIHHHOBOJIHOBOMy CMemeHHK) 
n uieKipe 3KCHTOHHbix nonoc oxpaaceHHH (nornomeHHn) hjih KaxoAonioMH- 
IICCHCIIUHH Ha OCHOBaHHH HCCJieAOBaHHOH HHMH 3aBHCHMOCTH E 3kc ""[Os], 
iipeneiaBJieHHOH Ha pnc. 3.25. Bjihhhhc AecJjeKioB ynaKOBKH MO>xeT 6biTb 
vmicho Ha OCHOBaHHH HccJieflpBaHHH, onncaHHbix b pa3fl. 2.4, cornacHO koto- 
|»I.IM CA BHr 3KCHTOHHOH A-nOJIOCbl COCTaBJIHCT 7 ■ 10" 4 3B Ha 1% AC(})eKTOB 
vnaKoiiKH. HaHOonee Ooraiyio HHtJjopMaumo o npncyxcTBHH h coAepxcaHHH 
hiicnopoAa AaioT cneKTpbi KaTonojirøMHHecueHUHH, nocKOJibKy crpyicrypa 
ii \ kihmcht ot coAepxcaHHH b o6pa3uax 3 toh npHMecH. KaK noKa3aHO b 
p.iiA- 3.4 3.7, unn c<j)aJiepHTOB c KOHueHTpaAHen KHCJiopOAa 0,1 moji.% b 
« neKipax KaroAoniOMHHecizeHUHH npH 80 K npeoSnaAaeT npKO BbipaxceH- 
lun /IR-CCPHH I70J10C C rOJIOBHOH KOMIIOHCHTOH 335 HM, o6H3aHHafl H3JiyWeHHK) 
ll.I II tOJIHpOBaHHblX KHCHOpOflHblX Os -JIOByiHKaX. yBØBOTeHHe COAep)KaHHB 
jmi niopemioro KHCJiopozxa ao 0,2—0,3 moji.% npHBOAHT k pe3KOMy yciuie- 
huk» nmeiiCHBHOCTH H3nyHeHHH Ha AanbHHx napax Og—Og b oønacTH 340— 
IIM JItUlbHeHIHHH pOCT KOHUeHTpaUHH paCTBOpeHHOrO KHCJIOpOAa npHBOAHT 
k ii' |KpacnpeAeJieHHio HHTeHCHBHOciH b nojibsy 6onee nnnHHOBOjiHOBbix 
ivoMiioiiem cneKipa H3Jiy^eHHH h k cmølachhio Ma.KCHMyMa KaxoAOJiioMHHec- 
Ui llimil JI.O 350 HM. 06pa3UbI CO CpaBHHTeJIfcHQ MaJlblM HCXOAHblM KOJIHHeCT- 
linM lipOTH>KeHHbIX CTpyKTypHhlX Ae4>eKTOB, 6yAy4H TepM 006 pa 60 TaHHbIMH 
ii napax UHHKa, npn yBejiK^eHHH KOHueHTpauHH pacTBOpeHHoro KHCJiopona 
ni.iiiir 0,4 0,6 moji.% o6Hapy>KHBaK)T nojiocy 430 km. CoBMecTHoe npHcyT- 
« ntiu* AR- h A? 2 -nonoc BbiHBJiHCT HeoAHopoAHbie 06pa3AbI. 

It CHHJH C 3THM AHB 1X0JIyKOJIH4eCTBeHHOH OAeHKK COA^p^aHKH KHCJlOpOA^ 
m /iiS iio HM3KoreMnepaTypHWM cneKxpaM Kaxo aojijfomhhccaøhuhh mm onpo- 
ixniiuiH MeroAHKy, ocHOBaHHyio Ha aHaJiH3e cneKTpanbHbix xapaKTepuciHK 
|v lli JlopOAHblX UeHTpOB. y^HTblBanHCb pe3ynbxaTbi 3aMepOB nonoxceHHH X H 
nojiyumpHHbi AX 3kchtohhoh A Hp -nonocbi no cneKTpaM OTpaxceHHH npn 
/ / K, a xaKXce noJio>KeHHH MaKCHMyMOB X npH 80 K h hhtøhchbhocth nonoc 
illoMHiiecUeHAKH. ripMHHTbl CJieAyiOlAHe 0603HaMeHHH: I(A ) — HHTeHCHBHOCTb 
en ioiihoh A- hjih A Hp -nonocbi; I{A%) - HHTeHCHBHOCTb nonocbi penaK- 
i ii|oiiaiiHbix Ha H30jinpoBaHHbix aTOMax KHCJiopOAa coctohhhh; I(Aj), 
I(A% a ) — to xce ahh coctohhhh, pexiaKCHpoBaHHbix Ha AaJibHKX, cpeA- 
11 ii x n 6jiH>KaHuiHX napax O s -O s aTOMOB KHCJiopOAa; /(ZnO) - hhtchchb- 
nui ii* h jjiyqeHHH okchas UHHKa hjih bmacjichhh ZnO • S-4>a3bi. 

MeioAHKa aHajiH3a cneKTpcB yMHTbiBana, 4 to Ha HHTeHCHBHOCTb OTAenb- 
ill.IX UOJIOC H3JiyqeHHH H303JieKTp0HHbIX UeHTpOB KHCHOpOAa B ZnS MOXCeT 
mva ii. rna ir, BJiHHHHe He TOJibKO o6man KOHAeHTpaAHH KHCJiopOAa, ho h coot- 
ii<M iienne coAepKaHHH H30JiHp0BaHHbix htomob h, HanpHMep, Ghhxchhx nap 
(t m pnc 3.15), a TaK>Ke Ae<})eKTHOCTb KpHCTajiJTa, yBenH4HBaiomaH 6e3bmy- 
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qaieJibHyio peKOMOHHauHio. EkmoMy unn nojiyKOJiHHecTBeHHOH oueHKH co- 
flep>KaHHH KHcnopoAa b KpHCTannax c pa3HOH cTeneHbio AeifceKTHocTH pac- 
CMaipHBanocb He TOHbKO H 3 MeHeHHe hhtchchbhocth omenbHbix nojioc H3Jiy- 
MeHHH I(A), /(>!§) , I(Af), /(ZnO), HO H H3MeHeHHe OTHOCHTeJIbHOH HHTeHCHB- 
hocth nojioc KHCJiopoAHoro cneKTpa I(A%)/I(A ), I (AJ) II (A) h T.n. Oaho- 
BpeMeHHO KOHTpOJIHpOBaJlOCb KaweCTBO KpHCTaJTJlOB no HHTeHCHBHOCTH H 
nonyuiHpHHe 3 kchtohhmx nojioc, b qacTHociH yl-3KCHTOHa (^4 Hp -noJiocbi), Ha 
ocHOBaHHH npeACTaBneHHH, pa3BHTbix b paøoiax [196, 197, 372, 373]. ripn 

H3yqeHHH OTHOCHTCJIbHblX HHTeHCHBHOCTeH I(AJ) /I(A %); /(4§)//(i4g) H T.n. 
yqHTbiBanacb oco6eHHOCTb H3JiyqaTenbH0H peKOMOHHauHH Ha H303JieKTpoHHbix 
ueHTpax, a HMeHHO yBeJiHqeHne BKJiaua 6onee unHHHOBOJiHOBbix cocTaBJiflromHx 
KHCJiopoflHoro cneKTpa c poctom KOHueHTpauHH pacTBopeHHoro KHcnopoua 
npH OflHOBpeMeHHOM OCJia6neHHH HHTeHCHBHOCTH BbIC0K03HepreTHqeCKHX 
KOMnOHeHTOB (cm. pHC. 3.15). 

5.2. HCCJ1EAOBAHHE OriTMHECKMX CBOttCTB 

H PACnPEflEHEHMH KHCJIOPOAA 

B HEJlErHPOBAHHblX MOHOKPHCTAJIJIAX COAJTEPHTA 

flnn BbiHBJieHHH xapaKTepa pacnpeAeneHHH KHCJiopoAa hjih MecT JioKajTH3a- 
UHH OKCHAHbix BbmeneHHH b dpyKType cyrib<|)Hfla UHHKa HaMH 6buiw hccjic- 
AOBaHbl CneKTpbl KaTOAOJIIOMHHeCUeHUHH MHKpOyqaCTKOB KpHCTaJIJIOB OT 
100 X 100 AO 0,1 X 0,1 MKM B paCTpOBOM aneKTpOHHOM MHKpOCKOne. CHCTe- 
Ma no3BOJiHJia perHCTpHpoBaTb H3JiyqeHHe ot 300 ao 800 hm b HHTepBane 
TeMnepaiyp 100—300 K. Unn yMeHbineHHH 3arpH3HeHHH noBepxHociH o6pa3- 
ua npH ero oxJiaxcAeHHH HcnoJib30Banacb a30THan noByuiKa b coqeiaHHH c 
copOHpyiomHM MaTepnanoM, noMemeHHbiM b KaMepy o6pa3UOB P3M. B moah- 
(J)Hii;HpoBaHHOM BapuaHTe [320] b P3M moxcho Obtno HaGnrouaTb oahh h tot 
xce yqacTOK noBepxHocTH o6pa3ua b pexcHMe BTopH4HOH smhcchk, b OTpaxcen- 
Hbix aneKTpoHax hjih b kbtoA on ro mhhccuchuhh (HHTerpanbHOM h MOHOxpo- 
MaTHqecKOM H3JiyqeHHH). HH<|)opMauHH o Tonorpa^HH noBepxHociH o6ecne- 
HHBaeT onpeAeneHHe MecionoJioxceHHH KapTHHbi, HaOmoAaeMOH b KJ1. flnn 
cpaBHeHHH ^eKTpoB KaTOAOJiK)MHHecueHUHH pa3nHMHbix o6pa3UOB nonyqeH- 
Hbie cneKTpbi H3JiyqeHHH nepecrøTbiBanncb k ct aHAapTHbiM ycnoBHHM. 3Hep- 
THK) 3JieKTpOHOB MOXCHO 6bU10 H3MCHHTb OT 5 flO 50 K3B H IUIOTHOCTb TOKa 
b HHTepBajie 0,1—10 A • cm" 2 . MaKCHMajibHan KOHueHTpauHH B036yxcueH- 
hmx ueHTpoB b ycnoBHHx ci>eMKH b P3M 6bina nopHAKa 1 • 10 18 cm" 3 (cm. 
pa3A. 3.7). Bonee tohhmh pacqeT TpeOyeT 3HaHHH ckopocth noBepxHocTHOH 

peKOM6HHaUHH H AH<t)(j)y3HOHHOH AHHHbl CBOØOAHblX HOCHTCJieH 3apHAa. 

MccJieuoBaHHe MOHOKpHCTannoB c(J)ajiepHTa, BbipameHHbix H3 paciuiaBa 
H HMeiOIUHX, COrnaCHO AaHHblM aHaJIH30B, H36bITOqHbIH no OTHOIHeHHK) K 
paciBopeHHOMy KHcnopou, noKa3ajio, mto ohh oOHapyxcHBaioT pnu Maxpo- 
HapymeHHH cTpyKTypbi. OuHaKO 3JieKTpOHHo-MHKpocKonHqecKHe nccjieuo- 
BaHHH b cBeie KaTOAon ro MHHecueHUHH no3BonHjin yciaHOBHTb, mo ochob- 
Han Macca H36biTOMHoro KHcnopoua b 3thx KpHCTajrnax coOHpaeTCH He Ha 
MaKpoHeouHOpoAHOCTHX CTpyKTypbi, a b cjiohx b BHue cerperaTOB. 

Ha pHc. 5.1 npHBeueHbi MHKpo<})OTorpac})HH b CBeie KaTOAOJirøMHHecueH- 
Uhh ckojiob A®yx MOHOKpHCTaJiJiOB c^anepHia c pa3HbiM couepxcaHHeM khcjio- 
poua. KaK bhaho H3 pncyHKa, aah o6pa3ua c MajibiM couepxcaHHeM KHCJiopo- 
Aa cBeqeHne no BceMy o6i>eMy paBHOMepHoe (a). C yBejmqeHHeM couepxca- 
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ptii .5.1. MHKpo<JjoTorpa(J>HH paciuiaBHbix ccjjanepHTOB c o6iuhm conepxcaHHeM khcjio- 
|.c>;tn 0,4 (c) h 1,8% (6. e, 2), noJiyneHHbie b cBeTe KaTOAoniOMHHecueHUHM (fl, 6, e ) 
u ti oTpaweHHbix aneKTpoHax (a) ; vBejiKMemui - 550 (fl, 6) h 950 (e, 2) 


inni itoh npHMecH OTMenaeTCH cJiOHCTa» HeonnopoAHOcTb KpncTajma ( 6, e ), 
npiiucM b CJiyuae BbmeneHHH ZnO ■ S cjioh hmciot Menene rpannubi ( 6 ). Cjioh 
ii.ip.iioiejibUbi rmocKOCTHM (111). B 6 ojibiunHCTBe cnyMaeB rpaHHUbi ciioeB 
wi«M>yjiibic, a ciuioiuHocTb nx Moxæi HapymaTbCH (pnc. 5.1,e). KoKTpacT, 
imruiionacMbiH b cBeie k aT o Aonio mmh ecueHU hh (e), HCMe 3 aeT npn cbeMiee 
n oipanceiiHbix 3JieKTpoHax (a). 3 to mo>kct 6 biTb CBHAeieJibCTBOM Toro, mto 
jimm paaMepbi CKoruieHHH Kncnopofla Majibi, jih 6 o 4>nyKTyaunn cociaBa b 
tcMHMX yMaciKax no cpaBHeHHio co CBembiMH (e) MeHee 1%. CneKTpbi Karo- 
lomoMHiiecueHUHH iex ace MOHOKpHCTaJiJiOB pacnnaBHOro c^anepnia npeA- 
ci.nuicMbi na pnc. 5.2. C yBenHMenneM o 6 mero coAepxcaHHH KncnopoAa b cjiht- 
» ax ii|xjmcxoaht M3MeHeHHe cneKTpa KaTOAOJiiOMHHecAeHAHH, KOTopoe cbhab- 
icnbciBycT 06 yBeJiHMeHHH KOJiHMecTsa pacTBopeHHoro KncnopoAa b o6pa3iiax 
im mc pc poda [0] o6ui . Ilpn 3 Tom yciuiMBaeTCH nojioca KHcnopoAHoro cneKT- 
Im A l \ t i iionocbx A^nbHnx nap ocJia 6 eBaioi no HHTeHCHBHOcTH (cm. pnc. 5.2, 
KpMin.ic I —» J). 3to oco6eHHO HaniHAHO npoflBjiaeTCH b cneKTpax MHKpo- 
• mo ^noMHHecueHAHH, HccneAOBaHHbix npn 6ojibiiiHx ruioTHocTHx B036yxc- 
nniMH, Kor#a nacbiiueKHe no hhtghchbhocth no noe AaJibHHX nap A? c yBenn- 
'irnncM b o6pa3uax [0] O 5m Ha6ntoAaeTCH npn Bce MeHbmnx nnoTHocTHx 
im a. 
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Phc. 5.2. CneKTpbi npw 100 K KaToao- 
nioMHHecueHUHH c(J>aneptfra c coaep- 
>K3HneM KHCJiopofla 0,4 (7); 0,9 (2); 
1,9 MOJI.% (i) H MHKpOKaTOaoniOMH- 
HecaeHUHH HanOonee OoraToro KHCJiopo- 
flOM o6pa3ua b cBeTJiofi ( 3 ') *h tcm- 
HOtt (3") nonocax 


MccJiejjOBaHue cneKTpoB MHKpo- 
KaTOAonioMHHecueHUHH HeoAHopoA- 
Hbix yMacTKOB o6pa3UOB noKa3ajio, 
mo cpaBHHTeJibHO 6onbiiiHe CBembie 
yMaCTKH HJIH nOJIOCbl COOTBeTCTByiOT 
C(})ajiepHTy (cm. pnc. 5.2, KpuBan 3 '). 
JIjih hhx Ha6nrøAaioTcfl nonocw x 
A?, A\RjM TeMHblX Ha pwc. 5.1, e 
yqacTKOB, kslk h ffnfl TeMHbix iiojtoc 
c UH(J)cJ)y3HbiMH rpaHHiiaMH, eneKTp 
MHKpoKaTOAoniOMHHecueHUHH npeA- 
cTaBJieH npeHMymecTBeHHo jiojiocoh 
c MaKcHMyMOM ot 386 a o 400 hm 
AAH pa3HbIX yMaCTKOB (cm. pHC. 5.2, 
KpHBaH 3"). 3Ta J1 KJMHHeCIieHIXHH 
MOx<eT 6biTb o6H3aHa SAL-iieHTpaM h 
He c4)opMHpoBaBiueHCH 4>a3e OKCHAa 
ZnO • S. JIonojiHHTenbHoe nornome- 
HHe tbkhx KpHCTajuiOB pacnpocTpaHffeTCH ao 390—400 hm (80 K), nro Taicxce 
Moxcei BKJiioqaTb h nomomeHHe SAL-iieHipos, h ZnO • S-<})a3bi (cm. pa3A. 4.5). 
06a coctohhhh, no-BHAHMOMy, cocymecTByioT b KpncTajuie. TaKHM o6pa30M, 
AaHHbie SJieKTpOHHO-MHKpOCKOIlHMeCKHX HCCJieAOBaHHH CBHAereJIbCTByiOTO TOM, 
wto b MOHOKpHCTajuiax ct}>aJiepHTa, BbipameHHoro H3 paciuiaBa c noBbiuieHHbiM 
coAepxcaHHebocHcnopoAa, hmciot MecTO (JwiyKTyauHH cociaBa. Ohh o6bHCH>noT 
h paccMOTpeffibie paHee cneKTpbi KaTOAonioMHHecueHAHH (cm. pnc. 3.5, Kpw- 
Bbie 4 t 5), B KOTOpblX OAHOBpeMeHHO npOHBAHIOTCH nonoca 336 HM, THnHW- 
Han ahh y^acTKOB c Manoii KOHueHTpaimeH KHCJiopoAa, h nonocbi 368, 380— 
400 hm, npwcymHe cynb<J)HAy UHHKa, HacwmeHHOMy khcjiopoaom, hjih ZnO • 

• S-cf)a3e. 3th nonocbi COOTBeTCTByiOT cBexnbiM h tcmhwm b KaroAOJiioMHHec- 
AemiHH (cm. pwc. 5.1,e) cjtohm pacnnaBHbix ct})anepHTOB. IlepexoAHbie 06- 
naeTH Me>KAy CJIOBMH CpaBHHMbI C TOJI1AHHOH CaMHX CJIOeB. OjiyKTyaAHH COCTa- 
Ba xapaKTepHbi ajih MOHOKpuciaJinoB A 2 B 6 , BbipauieHHbix H3 JierHpoBaHHbix 
paciuiaBOB. TBepAfciH pacTBop c (pnyKryanuRMU cocTaBa moxcho cmnaTb oaho- 
poAHbiM, TaK KaK (finyKTyauHH cootbctctbviot 3cJ>cJ)eKTy 6nw>KHero paccnoe- 
hhh. OnyKTyauHH cocTaBa — MeTacTa6njibHbie coctohhhh, noaTOMy npw cTape- 
hhh B03MoxceH pacnaA TBepAoro pacTBOpa. JJjifi pacnnaBHbix ccJianepHTOB, 
coAepxcamHX pacTBopeHHbift KHcnopon b nepaBHOBecHbix KOHiieHTpaunHx, 
npouecc pacnaAa MOxceT npHBecTH k nepexoAy ot cjwiyKTyauHH co cpaBmrrenb- 
ho HeOoJibiiiHMH neperpynmipoBKaMH nacTHii b SoJibiuoM oøbeMe k pe3KHM 
4)JiyKTyaAHHM, ho b orpaHimeHHOM o6beMe. B pe3yjibTaTe 3Toro npouecca 
paBHOBecHbie BbineneHHH ZnO oGpasymcn He b nanane pacnana, a npn nepe- 
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xofle Mepe3 pnn, npoMexcyTOMHbix coctohhhh. IlocKOjibKy KHcnopoa cymecTBeH- 
ho Ae(J)opMHpyeT peuieTKy c<J>anepHTa, to npH pacnane TBepnoro pacTBOpa 
ZnS • O, cornacHO [374] , BbmeneHHH npHMecH AonxcHbi HMeTb Manwe pa3Me- 
pbi, nnocKyio (})opMy H KOrepeHTHbie rpaHKUbi. YnpyrHe B3aHMOAencTBHH 
Me>KAy BbifleneHHHMH, Korna paccTOHHHe Mexmy hhmk cpaBHHMo c hx pa3Me- 
paMH, MoryT npHBecTH k ynopHAoneHHOH b MaKpoo6beMe KpHCTanna cipyK- 
Type cJiOHCTbix ynpyrHX aomchob. PaccTOHHHe Mexcay cjiohmh onpeAenneTCH 
KOHueHTpauneH npHMecH b KpncTanne, xapaKTepoM Me)K4)a3Hbix rpaHHu, 
CTpyKTypOH MaTpHUbl H BblfleJieHHH h t.a. [375]. n P H [O] o6ux MO Jl.% 
b pacruiaBHbix c<J)anepHTax Ha&nrøflaeTCH onanecneHUHH, TaK KaK Bbmene- 
iine $&3hi ZnO npoxoAUT yx<e b npoixecce oxjiaxcaeHHH cJiKTKa nocne Bbipainn- 
buhhh. flna MOHOKpHCTanjiOB, BbipameHHbix H3 napoBOM hjih ra30B0H <})a3bi, 
laKXce xapaKTepKo npncyTCTBHe BbmeneHHH okchas c OTHeuiHBOH opHema- 
Uhch, cBHAeiejibCTByioiizeH o tom, mo Bbijxenemifi o6pa30BanHCb b pe3ynbTa- 
le ropnMero CTapeHHH [376]. TaKan KapTHKa pacnpefleneHHH npHMeceii b 
ZnS HaGnrøflajiacb b pa6oie [377]. 

Tlpoueccbi BbmeneHHH KHCJiopona M3 KpHciaimMqecKOH peuieTKH ZnS hmciot 
o'icnb MKoro oGmero c BbifleneHHeM reKcaroHanbHoro Si0 2 H3 6e3AHcnoKa- 
unomibix MOHOKpHCTanjiOB KpeMHHH [378—381]. Jfyx cynb<})HAa uHHKa, KaK 
n wi h KpeMHHH, cymecTBeHHyro pojib b npoueccax pacnana TBepnoro pacTBo- 
pa ZnS-ZnO HrparøT BaKaHCHH [374, 382—385]. B CBH3H c 3thm paccMOTpHM 
itjiHHiiHc Ha MaKpocTpyKTypy TBepAoro pacTBopa ZnS • O TepMoo6pa6oTKH 
H |)11 H36bITKe KOMnOHeHTOB COeAHHeHHH. Ha pHC. 5.3 npHBeaeHbl MHKpO- 
4 ^>ioi pa(})HH MOHOKpHCTaJUioB c^anepHTa, BbipaineHHbix H3 pacnnaBa h ra3o- 
hoh c])a3bi h TepMOo6pa6oiaHHbix b pacrinaBe cepbi (e) hhh UHHKa (a) npH 
750 °C, a TaK^Ke b napax cepbi (ø) h UHHKa (Jo) npH 1150 °C c nocnenyioineH 
iiiKrniKOH. 06painaei Ha ce6n BHHMaHHe cymecTBeHHO pa3nnnHoe BnnHHHe 
oi)KHi a b u,HHKe (6, a) no cpaBHeHHio c cepon (a, e ). Jlnn o6pa3iioB, TepMo- 
oflpafioiaHHbix c H36biTKOM cepbi, cJiOHCTaH Heo aho poflHocTb ycyry6nneTCH: 
i)6p;nyioTCH ruiocKHe BbmeneHHH (cm. pHC. 5.3,ø, e) , cjioh CTaHOBHTCH TOHbine, 
a KompacT Me^KAy TeMHbiMH (HanpHx<eHHbi mh) h cBeuibiMH o6nacTHMH ycH- 
riHnaeicH. B oTnenbHbix Ae<J)eKTHbix Meciax KpHCTajina o6Hapy>KHBaioTCH 
oAi.cMiibie HpKO cBeTHinHecH BbmeneHHH ZnO (cm. pHC. 5.3, a). Ohh npo- 
CMm|MinaioTCH h b nonnpH30BaH hom cBeie Ha npocBeT b BHAe ABynpenoMnHro- 
iUhx BKpannenHH. Bce 3 th (JrnKTbi hbhhiotch TaK)Ke KOCBeHHbiM cBHfleienbCT- 
Dom roro, mo AH<t>(t)y3HH KHcnopofla b ZnS, o6oraiueHHOM cepon, 3aipynHeHa, 
tok k.tk Obidpan AH(])([)y3HH 3 toh npHMecH ocyinecTBnneTCH no BaKaHCHHM 
ccpi.i [174, 284]. He ycneBan BbixoAHTb H3 KpncTanna, KHcnopoA CKannnBaeT- 
C* BiiyTpn nero Ha jjecJjeKTax ynaKOBKH. KpaHHHH HeoflHopoAHoeTb moho- 
KpHaanjioB ZnS nocne TepMoo6pa6oTKH b cepe He no3BonneT nonynHTb cneKT- 
pfcl MHKpOKaiOAOJIlOMHHeCAeHUHH OT OTACJTbHblX TeMHblX HJIH CBeTJIblX CJIOeB 
«3-Ofl MMJioH hx TonmHHbi. llo3TOMy Ha pHC. 5A,a npHBeAeHbi cneKTpbi, cHHibie 
Ann THHHUHbix "necTpbix” oOnacieH tbkhx KpHdannoB, BKnioqaiomHx HecKOHb- 
KO pOTJIHWHMX HO CBeTHMOCTH B KJ1 nOJIOC. CneKTpbi perHCTpHpyiOT npHCyT- 
CIohc ipex hjih wempex 4>^3: 3CZnS • O; 2//ZnS • O h ZnO(ZnO ■ S). TeKca- 
ronini.iiaH ( ]ni 3 a 2//ZnS ■ O o6Hapy>KHBaeTCH no 3 KCHTOHHbiM nonocaM b 
CUCKTpax KaioAomoMHHecneHUHH (321,5 h 324,2 hm) h OTpaxæHHH (319,6 
h 322,4 iim). JliiHHHOBonHOBbie cabhth nonoc oTpaxceHHH BiopuHTa cBKae- 
loniiCiiiyio-i o nciHpoBaHHH KHcnoponoM o6nacTen no > 10 20 cm -3 (cm. 
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Phc. 5.3. MHKpo(J)OTorpa4)HH b cBexe KaTOAOJUOMHHecizeHUHH 3 C ZnS, BbipaineHHoro M3 
pacnnaBa (a, 0) h ra30Bott <J>a3bi (e, a), nocne TepMOo6pa6on<M c H36biTKOM cepbi (fl, 
e) h UHHKa ( 6 , a) ; yBeJWMeHiw - 300 (fl, z) h 500 ( 6 , e) 

pHc. 3.25). TaKHM o6pa30M, npw BbineJieHHH KHCJiopofla H3 nepecbimeHHbix 
TBepflbix p^iBopoB ZnS • O b npouecce xojiojjHoro hjih ropmrero ciapeHHH 
KOHueHTpaiiHH KHCJiopoAa b o&iacTH reKcaroHaJibHbix ne<pet< tob ynaKOB¬ 
KH, kbk npaBHfto, ociaeTCH noBbiineHHOH no cpaBHeHMio c MaTpnuen, h jae- 
(})eKTbi ynaKOBKH, cJienoBaiejibHo, ycyry6nHK)T HepaBHoMepHocTb b pacnpe- 
fleneHHH KHcnopoaa b ZnS. B cneKTpax k aiorø ji ioMHKecueHUHH tbkhx yqacT- 
kob, KOTopbie mo)kko o6Hapyxam> no npHcyiCTBHK) A Hp - h A p -nojioc Biop- 
UHTa, paCTeT OTHOCHTeJlbHafl HHTeHCHBHOCTb ftJIHHHOBOJIHOBblX KOMnOHeHT 
cneKTpa KHcnopona (cm. pnc. 5.4,a, KpHBan 2)- Ky6fwecKaH <J>a3a ZnS • O 
<}>HKCHpyeTcfl no 3 kcktohhoh >l Hp -nojioce 327,5 hm b KaTOflonioMHHecueH- 
UHH h 325,7 hm b OTpaxceHHM, no nonoce 335 hm h no naHHbiM peHTreHO- 
CTpyKTypHbix HccneflOBaHHH, perHCTpupyiomHx HaJiH«we HCKJiioHHTeJibHO 
4>a3bi 3CZnS • O. rionocM (J)a3bi ZnO • S Hapaay c 3 KChtohhumh nonocaMH 
OKCHAa npOHBJIHiOTCH B KaTOaOJlIOMHHeCUeHUHH KBK ofijiaCTeH Bblflene- 

hhh ZnO Ha MaKpojjecJjeKTax cipyKTypbi, tbk h jyin THnHUHbix "necipbix” 
o6nacTeH MaipHUbi. llocJieAHee cBimeTeJibCTByeT o tom, «rro pacna# cHCTeMbi 
ZnS * O c BbmeneHHeM OKcrøa H^eT no BceMy o6i>eMy, no-BH^HMOMy, Ha 
ne<})eKTax ynaKOBKH hjih c o6pa30BaHHCM hobwx CTpyKTypHbix ne<j)eKTOB 
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Tmc. 5.4. CneKTpu MHKpOKaTo^ojiiOMHHecueHUHM npH 100 K paciuiaBHoro ccJjajiepHTa, 
tcpMOo6pa6oTaHHOix) b napax cepbi (fl) h UHHKa ( 6 ) ujih cBeTJibix b KJ1 nonoc hjih 6onee 
cfecTJibix yqacTKOB (i) h jxjih TeMHbix (2) (juih cpaBneHiw Ha pwc. 5.4,6 (3) npHBeueH 
nicKTp ra30(J>a3Horo c4>anepHTa, nporpcToro b pacnjiaBe UHHKa 750 ° C 50 w) 


n(liH3H BbmejieHHH [378—381]. fleHCTBHTenbHO, KOHueHTpauHH ue<t>eKTOB 
ynaKOBKH, cyun no cneKTpanbHOMy nonoaceHHio 3kchtohhwx nonoc oipaxce- 
hhh 3CZnS • O, nocne TepMoo6pa6oTKM b cepe yBenwMHB aeTCH ot 5—8 (b hc- 
xomibix o6pa3uax) uo 11-15% [269]. CouepxcaHHe KHcnopoua b MaTpwue 
3CZnS - O nocne TepMOo6pa6oTKH b cepe nopnuKa 10 19 cm -3 (no cneKTpaM). 
AMa/iorHMHbie pe3ynbTaTbi Mbi nonynann h npn npoKanKe b napax cepbi nonn- 
tmiih 4//ZnS. ripn 30-qacoBon BbiuepxcKe b napax cepbi npn 1050 °C <J>op~ 
MHpyiorcfl BbineneHHH no BceMy odteMy KpncTanna. Hannnne 3thx Bbiuene- 
HK# (TCMHbie b KaTOAonioMMHecueHUHH) b o6beMe nonHTunoB HBnneTCH, 
Mfi nam B3rnnA, ochobhoh npnMHHOM coxpaHeHHH MeiaciaGnnbHOM npn 300 K 
(2271 4//-CTpyKTypbi 3thx KpHcTannoB (cm. pa3fl. 2.3). Hapnay c 3thm unn 
KpuciiumoB, npoKaneHHbix b aHanoruMHbix ycnosHHX b napax UHHKa h He 
hmcioihhx OKCHAHbix BbiueneHHH, (j>a30BbiH nepexou 4 H 3C npoHcxouHT 
np« oxJia)*caeHHH bo Bcex cnynanx [16, 19]. 

PaccMOipHM MaKpocTpyKTypy MOHOKpHdannoB c<}>anepHTa, npoKancH- 
Hbix c H36biTK0M UHHKa. B 3tom cny»iae cnoMCTan HeouHopouHoeTb b pacnpe- 
AB/iciihm Kwcnopoua HcxouHbix KpHCTannoB (cm. pwc. 5.3,6, e) nacTHWo Bbi- 
paBiiHBacicH, mto cBHueienbCTByeT o roMoreHH3auHH cncieMbi. YcKOpeKHan 
an<|x|)yjHH KHcnopoua no BaKaHcHHM cepbi b o6pa3uax ZnS, nonyMeiiHbix 
iipw H'i0i»riKe UHHKa, cnocoOcTByeT ycpeuHeHHio cociaBa h pacTBopeHHio HMerø- 
iuhxoi h ucxomibix KpwcTannax cerperaTOB KHcnopoua. Upn 3tom cHHMaioicH 
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HanpHKeHMH b6jih'jh cerpcraxoB, a na MKKpoc})OTorpa(j)HHx b enere Kaxo- 
floJiioMHHecueimMH h b oipajKeimbix aneKrpoHax Hcqe3aioT ieMHbie yqacTKH 
(cm. pnc. 5.1,e). Q6mee cOAepacaHHe KHCJiopoAa MOXceT yMenbiuaibCH b pe- 
3yJTbTaTe npOKaJIKH MOHOKpHCTaJUIOB ZnS C H36bITKOM . UHHKa, IIOCKOJIbKy 
TCMnepaiypa OT)KHra MeHbiiie, qeM TeivinepaTypa pocxa, ho KOHueHTpauHH 
paciBopeHHoro KHcnopojxa b yuiax pemeTKH ZnS (no cpamieHmo c hcxoa- 
HbiMJi o6pa3iiaMK, BbipameHHMMH b HenxpanbHbix cpe^ax k npoLuemunMH 
ciapeHHe), B03paciaeT (cm. pa3A. 1.4). B cneKTpax 3 to conpoBo>KAaeTCB 
ycnjieHHeM Bcex hojioc KHCJiopoAHoro yl p -cneKxpa (cm. pnc. 5.4,5, Kpn- 
saa 1 ). Cerperaibi KMcnopo^a. ecriH xaKHe coxpanHioTcfi b oTflenbHbix yqacT- 
Kax KpHcraJUioB, npoKaJieHHbix c M36biiKOM UHHKa, coAepx<aT MeHbme cepw 
Ahh hhx xapaKTepno 6oxiee KopoiKOBCJinoBoe nonoxceHHe nonocbi b o6nacxn 
390-420 hm, qeM ajih ZnS • S (pnc. 5 Am) . 

MccneAOBaHHe MHKpoKaxoAonioMHHeciieimHH o6na cxck HeoaHopOAHocxen 
KpHCTajuioB ZnS • Zn (b cBexe KaronoJiioMMHecueHUHH TeMHbic yqacTKn) 
noKa3ajio, qxo ohh Mano OTJiMqaioTCH no cocxaBV ox Maxpnubi, ho, no-BHAHMO- 
My, o6oramem>i hhhkgm. ripHcyiciBne H36biiKa uhhkh b 3thx oSnacxHx cBoe- 
o6pa3Ho Mcnnei ciieKip H3JiyqeHHR (cm. pnc. 5.4,5, KpHBan 2): yBennqvi- 
BaeTCH OTHOCHXeJIbHblK BKnaA AHHHHOBOJlHOBblX nOJIOC A P , B qaCXHOCXH OTHO- 
CMieJIbHaB HHXeHCHBHOCXb XU1HHHCBOJIHOBOH ,45" KOMnOHeHTbI 368 HM. IlOJiOCbl 
BhiAe/ieHHH ZnO - S ne mnHqHbi. Ujih o6pa3ua c^aJiepwxa, npoi peioro ajih- 
TCJibHO B pacrmaBe miHKa, cneKrp KJ1 npeACTafineH Ha pwc. 5.4,5 KpHBoii 3. 
Kbk bhaho H3 pHcyHKa, cBeqemie, oSycnoBJieHKoe ^4 p -cocxohiihhmk, ajib 
xaKoro oopa3ua ocna6neHO (oiMeqaioTCfl TonbKo cnafibie nonocbi 370 h 
A \ 2 430 hm) . npeparmpyex noJioca HepeiiaKCHpoBaHHbix coctohhhh A 3 2 ) 
TaKHe cueKipbi xapaKiepnfci An 3 cpasiiHTeJibHo roMoreHHbix n hhctmx no 
KHCXTOpOAy KpitCiaJUIOB ZllS, 3 KOTQpblX UpOHBjIKIOTCfi TOJIfcKO rio.nocbl CpeA- 
hhx li 6hh>khhx nap Ha nncJicKauH^x. 


5.3. BJ1HHHHE n.lACTMHFXKGM AEOOPMAUHH 

HA OnTHMECKHE CBGHCTBA MOHOKPHCTAJ1HOB CynbO>H£A UHHKA 

Ujih cyj1$$>Hna miHKa b c[)opMe khk c^ajiepwia, Ta k h BiopuKTa xapaKiep- 
ho o6pa30BaHHe non Harpy3KOH b npeaenax nnacTnqecKOH aecJ?opMauHH pa3- 
JiHHHoro rana 3neKxpnqecKH aKTHBHbix imcnoKwn& [386, 387j. B qacTnocTH, 
b iinocKOCTHx njiOTHeHmeH ynaKOBKH renepHpyioTCH Bce nonnpubie othqch- 
TenbHO pemeTKH 30-, 60- h 90-rpaAycHbie ahcjiok aunn IHokjih, Koxopbie HMeroi 
oOopBaHHbie CBH3H aKuenTopHoro S(j3) hjih AOHopHoro Zn(o:) xwna. Cor* 
nacHo [388] , 3ap«A hs oOopBaHKbix cbb3hx 3KcipanjiocKOcxeH UHHKa h cepbi 
MoaceT AocTHraib Zn 0;9 " h S 0,9 . OneKipnqecKHe nojifl, co3flaBaeMbie ahc- 
noKauwHMH b oojiacTH røpa OTcnoKaiuiH (~ 1 hm) hjih parøyca ee B3aHMo- 
AenciBHH (—4-5 hm), AocxHraraT 10° - 10 7 B/cm [389]. MnHHMajibHaH rniOT- 
HocTb AHCJioKaiiHH b Hy«mmx BbipamHBaeMbix b HacToamee BpeMH pacnnaB- 
Hbix c<})aJiepHiax cocraBJiHeT 10 3 cm - 2 . OAHaKo ona mokci 6bixb yBennvena 
Ha 5—6 nopnAKOB nnacTHqecKOH Ae^opMauneH [389]. TJpH 3 tom B 03 HHKaioi 
3apn>KCHHbie AHCJioKauHH. KOiopbie abh>kvtch qepea KpHCTajin. BiiaroAapB 
npoTHBonojio>KHOMy 3HaKy Ae(}>opMauHH h 3apHAa a- h ]3-AHCJiOKauHH ABH>xyT- 
ch b pa3Hbie cxopoHbi. ne KOMneHCHpyn Apyr Apyra. B pe3ynbiaie KpHciann 
hoa narpyxKOH ieHepHpyer aneKipHqecKHH tok. Hoene chbtmh Ae^opMaumi 
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ruioiHocTh aHcnoKaitfifc cooiBeicTByeT vpobhkj HarpyMccHMH, hocthiuh muk- 
CHManbitoH BenHWibi 10 7 -10 9 cm - 2 npn cTeneHH aecfropMaumi e - JO 18% 
[390 393]. 

HaxMH 6bUio HiyMeHO bjihhhhc AHcnoKauHM Ha noBe/jernie KHcnopojia b pc- 
mence mohok pHdajiJiOB ZnS, BbipaineHHbix M3 pacruiaBa. Mbi npeAnonarann, 
mto npn øonbiuOH cxeneHH njiacTHnecKOR flecJjopMauHH ( ^20%), Korua peuicT- 
Ka c^anepHTa ocBoåoxcaaeicH ot ae^eKTOB ynaKoBKH, a ruiOTKocrb AHCJioxa' 
UHH MaKCHManbHa, nanGonec omeuiHBO MoryT BMJiBiiHibCH ac^tpeKrbi njaaic- 
KauHoHHOH npupoAbi. BbuiH MccnejxoBaHbi BbipamcHHbie «3 pacnnana MHKpo- 
ABOHHHKH C(J)a/TepHTa, MOHOKpHCTaJUlbl 4//~MOAM(}>HKaUHM, nOJSVqcHHblC TCpMO- 
o6pa6oTKOH, a TaioKe o6pa3Uhi 6//ZnS • Al • Ag. 06pa3Ubi nna uecbopMaiiMw bi>i- 
peaajiPTCb b bhac n p*r mo vrojrbHbix napajuiennne aob 2X2X4 mm, uiHH<|x:>BajiHCb h 
nojiHpoBajiHCb no Knaccy o6pa6oTKH 7. BBeaeHHe aiicnoKdUHH npomBOjjHJiocb 
no mctoahkg, onncaiiHon b [17]. CKopocTb ae^opMauHH (1 5) * 10~ 4 c~ ! 
6i>uia b 3KciiepMMenTax nocTO hhhom, a creneHb Aet^opMauMH e npnHHMajia 
3HaneHHH 10 k 20%. IIocKOJibKy b mhk poixbohhkkob bix h iiojiHrwnHbix moho- 
KpucTanjiax ZnS, BbipameHHbix H3 paciuiaBa, HaJiHwne njiocKocicH ABOHHHKQBa- 
nna 3aTpynHHeT abh>K e hm e njacjiOKauHH bo Bcex nJiocKocmx (111), xpoMe 

liblAeneHHOH ABOHHKKOBaHHØM, TO PHCTCOKaUKH BBO^HJTHCb CKOHbXCeHHeM 
IIMCHHO B 3TOH 6a3HCKOH ttTIOCKOCTH [397, 242, 394] . 

Ila puc. 5.5,# npnEezueHbi cneKTpw k aio ao;i iavm * fe ene hum m npn 80 K MHKpo- 
unoHHHKa ccJiajiepHTa, nouBepniyroro necjx>pMauKH. CneKrpw aHajnnHpoBajiHCb 
uo MeroOTKe, onHcaHHOH b paan,, 5.1. Kax bhaho hj pwcyHKa, npn Ae^opMauHH 
< - 10% bo bccm MHTepBajie ahhh boah 320-700 hm B03pacTaer H3jryveHHe. 

)lO CBH3BHO, OHeBHflHO, C yMCHbllJø HMCM HHCJ13 UØHTpQB 6e3bI3JiyqaTeAbHOK 
p(‘KOM 6 HHaUHH. Hapnay C 3THM aHaiIII3 OTHOCKTeAbHOH HHTeHCHBKOCTH nOJIOC 
ciuiAoreJibCTByeT 06 yBennneHHH KoHueHipasxHH pacTBo peHHoro KHCJiopoAa, 
l. 4 ‘. KHCJIOpOAHblX UeHTpOB aaxBSTa B036y>KaeHMM. IIo-BH AA MO My, KHCJIOpOA 
iicpcxoAHT b pemetKy KpHCTajina H3 mcct ero CKoruiemifl. 3ioMy cnocoOciByeT 
imKiiMAauHB npw npHJiOKeHHH n,ec})opMauHH Ae4>eKTOB ynaxoBKH h noBbimeroie 
min l IIOCTH AHCJiOKaUHH. 

lloniBep^KAeHHeM hbhhøtch ycHjieHHe AonojimnenbHoro noraomeHHH 
UO *50 hm (77 K) Ae<j)opMiipoBaHHbix na 10% oSpasuoB (Hapany c MMefo- 

IIU1MCH W B HCXGAHblX KpHCTaJIAaX AOUOJlHHTeJlbHblM KpaeM IIOrJIOmCHHH 

US jim). ØrrHOBpeMeHHO yCHTIHBaeTCH AIOMMHeClJCiJllMH B OØJiaCTH ^-390 HM, 
\.ip;iK icpHaa ahh CKoruieHHH KHcnopona. 

llpn c - 20% HMeeT Mecio paaropaHne cepHH hojioc n cnexip kji cBMfle- 
irnu inyeT o HeoAHopoAHOCTH KpHCTajma. PemeTKa cc})aJiepHTa, npoAetJjopMii- 
|Mui;uiiioro Ha 20%, npaKTunecKH nHiueHa aec^eKioB ynaKOBKH. 3 to noasonfieT 
onriiit 11 , no ciieKTpajibHOMV nono>KeHHio axcHTOHHbrx nonoc orpaxceHHH 
i- nmivmpaiuirø pacTBopeHHoro KHcnopona b TaKHx o6pa3uax (7 * 10 18 ~ 

’ M) 19 cm' 3 ). .IIocTaTønno HHieHCHBHoe b Heae^opMHpoBaHHbix oopa3nax 

M|*n I.IM 1 X KOHUenTpaHHHX CBCMeHHe KHCJlOpOAHblX 0 S — 0 S -UeHTpc»B B OØJiacni 

uo iim b Ae4>opMHpoBaHHbix Ha 20% o6pa3uax ocnaSriHCTCH (cm. pnc. 
*■ <n. 

)m <-ioi3ano h c Hcqe3HOBeHHeM ae^eKTOB ynai<0BKH, OjiaronpMHTc fbvk)- 
iim\ «n>p;i tonaHMFo b ZnS aajibHHX O s —O s -nap. CneKipbi nonromeHHH h orpa- 
I ' MIDI ; !,n|)OpMWpOBaHHbIX Ha 20% o6pa3UOB CBHAeTenbCTByiOT o BQ3HHKHO- 
n< hiim jojbi innrejibiioro nonioxueHMB ZnO • Sb oSjihcth 365- 375 hm. 
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«Uah nec{)opMHpoBaKKbix KpHCTannoB npn e = 10% xapaKTepHo ycHJieHHe 
KpacHOH 640 hm, a npw e = 20% — noHBJiemie hhtchchbhoh ch Hew nonocbi 
450 hm b KaTOflonioMHHecueHUHH, He Ha&irøflaiomeHCH y ncxoAHbix o6pa3AOB 
MHKpoABOHHHKOBoro ccfcanepHTa (cm. pnc. 5.5, a). CrpyKTypa cneKTpoB 
K a TO AOH K)MH He CUeHUHH noBepXHOCTHblX CJlOeB THKHX o6pa3UOB n03B0J]«eT 
npeAnoJio>KHTb, mto Ha ABHXcymHxcn AHcnoKauHHx 4)opMHpyeTCH ZnO • S- 
(f)a3a (cm. pnc. 4.22) . Flpn 3tom BKnaA KOMnoHeHT cneKTpa ZnO • S b o6nacra 
383—395, 450 hjih 640 hm 3aBHCHT oi Konnnecraa Kncnopona (h cepbi), co- 
6paHHoro ah cnoK aimen. 

rijTacTHqecKafl AecJ>opMauHH o6pa3uoB 4//ZnS b ueJiOM bjihhct Ha hx cneK- 
rpbi TaK xce, KaK h ae<J)OpMauHH 3CZnS (cm. pa3A. 3.8). YcHJiHBaioTCH h wcnbi- 
TblBaiOT ^JTHHHOBOJTHOBOe CMemeHHe nOJIOCbl KHCJlOpOAHOrO cneKTpa >l P ,aKTH- 
BHpyeTCH cepoii ZnO — b pe3yiibTaTe ycHjiHBaeTCH KpacHoe, 3eneHoe h CHHee 
cBeqeHHe (cm. pnc. 3.24). B pnne cnynaeB nepecTpoHKa CTpyKTypbi H3 
uojiHTHnHOH (JjopMbi b c<})anepHT c Ae4>eKTaMH ynaKOBKH npH Majibix CTe- 
iichhx fle(})opMauHH Bbi3bmaeT yuiHpeHHe skchtohhmx nonoc b oTpaxceHHH, mto 
CBH 33HO, no-BHAHMoMy, c npeAenbHbiM nerHpoBaHHeM Ky6nqecKOH CTpyKTypbi 
cynb(})HAa UHHKa khcjiopoaom, nepBOHaqajibHo pacTBopeHHbiM b TepnHMOH k 
npHcyTCTBHK) npnMeceH reKcaroHanbHon pemeTKe (cm. pnc. 3.25). Flo BenHMH- 
1JC CABHTOB 3KCMTOHHblX nOJlOC KOHIjeHTpaUHH paCTBOpeHHOTO KHCJTOpOAa B 
iukhxK pncTajuiaxnopaAKa 10 20 cm” 3 . 

IlocjieAyiomee yBennneroie CTeneHH Ae^opMainm (> 10%) cyxcaeT skchtoh- 
Hhie nojiocbi b oTpaxceHHH. CyAB no cneKTpaM KaTOAonioMHHecueHAHH (cm. 
pnc. 3.24), yBejiHHeHHe KOJiHMecTBa pacTBopeHHoro b ZnS KHCJiopoAa npw- 
iioAHr k AJiHHHOBOJiHOBOMy CMemeHHK) A Hp -nonocbi, a nncno KHcnopoAHbix 
KciirpOB b ZnS yMeHbinaeTCfl (cm. pHc. 3.24, KpHBan 3). B cneKTpe ZnO . S 
ixnpacTaeT 6onee neM Ha 2 nopnAKa HHTeHCHBHocTb nojiocbi 450 hm npw 
ocJiaGjieHHH Apyrwx nonoc cepHbix H3oueHTpoB b ZnO (cm. pnc. 4.22). KaK 
HpaBHJio, pe3Koe ycwneHHe CMHeii nonocbi 450 hm b TaKHx o6pa3uax npeA- 
iiiccinyeT xpynKOMy pa3pymeHHio KpHCTanna noA Harpy3Koft npn e < 20%. 

I*accMOTpeHHe H3o6pa>KeHHH b CBeTe KaTononioMHHecueHAHH Ae(J)opMH- 
IxmaiiHbix o6pa3AOB no3Bon«eT nonynHTb HeKOTopyio AononHHTenbHyro hh- 
<|>DpMauHio o cTpyKTypHbix H3MeHeHHHx ZnS c yBenHneHHeM nnoTHocTH ahcjio- 
KHiMut. Ha pnc. 5.6 npHBeAeHbi 3 th AaHHbie aah MHKponPOHHHKa ofjanepHTa, 
tTicKipbi KaTOAonioMHHecueHUHH KOToporo H3o6pa>KeHbi Ha pnc. 5.5, a, 6. 
M hcxoahom o6pa3ue (cm. pwc. 5.6, a) bhahb xapaKTepHan nonocnaTocTb, 
oCinamraH HepaBHOMepHOMy pacnpejjenemio khcji opoAa h Ae<i>eKTaM ynaKOB¬ 
KH n ZnS. ripn Majibix Ae^opMauHHx (pnc. 5,6, 6) pe3Ko ycnnKBaeTcn cnonc- 
ri »pi HcoAHopoAHocTb KpncTanna, KOTopan xoporno nponBnneTCH h b OTpaxceH- 
iiiiix mcKTpoHax (KpawHHe ynacTKH Ha pnc. 5.6, 6). Flpn CTeneHH Aec^opMaimn 
• 18% (J>opMHpyeTCH oAHopoAHbm o6pa3eu KyGnnecKOH MOAHctJKKaiuiH. 

(Wjiwcho H3o6paxceHHHM b CBeTe KaTOAonioMHHecaeHUHH yace npn Ae4>opMa- 
UiiHx e > 10% HapyniaeTcn b oTAenbHbix MecTax cnnouiHocTb cnoeB, pa3Hbix no 
iiHieiicHimocTH CBeneHHH b k a to Aon iomm hc cuchumh . 3to Han6o nee oTneTHHBo 
i« |*h•H itripic tch b pexoiMe OTpaaceHHbix aneKTpoHOB e = 20% (cm. pnc. 5.6, e). 
It k piici iuuie c BbicoKOH nnoTHocTbrø AHcnoKarøH nonHocTbio HapymaeTCfl 
ilf|HiiHiii*iajibiioe HeoAHopoAHoe cnowcToe pacnpeAenerøe KHcnopoAa, KOTopbiH 
i <91 topit iioK:uiH3yeTCH HCKnronHTenbHo b oéhacTH AHcnoKaunn (cm. pnc. 5.6, e). 

UoJiy'icniiMc pe3ynbTaTbi HMeioT mhoto o6mero c HccneAOBaHHHMH noBeAe- 


l/l I I liH. I J 70 
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PHC. 5.6. 3JleKTpOHHO-MHKpOCKOmweCKHe H306paXCeHHH MHKpOflBOttHHKa CCjiajiepHTa, 
HcxoflHoro (fl), Ae4>opMHpoBaHHoro Ha 10% (6) h 20% (e, ?), nonyMeHHbie b cBeTe KaTo- 
flonioMHHecixeHixHH (fl, 6 - uempajibHaH qacTb, ?) h b pe>KHMe OTpaxceHHbix 3JieKTpOHOB 
(6 - KpaH, e ); yBeJiHweHHB - 700 (fl), 3000 (6), 2000 (e), 600 (?) 


HHH npHMe^H, B TOM HHCJie KHCJlOpOAE, B IUiaCTH^eCKM Ae<})OpMHpOBaHHbIX 
MOHOKpHCTajuiax KpeMHHH h repMaHHH. B qacTHocTH, b pa6oTax [395, 396] 
6buio oOHapyxceno JioKajibHoe noBbniieHHe KOHueHTpauHH npwMeceH b pe3yjib- 
TaTe COØHpaHHH HX OTHXCyiUMMHCB AHCJlOKaiXHHMH. CoOpaHHbie ABK>KynxeHCH 
OTcnoKamieH npHMecH nepepacnpenejinioTCH b nporøeHHOM eio oOnacTH h o6t>- 
eflHHHIOTCfl B KOMIUieKCbl, KOTOpbie OTCTarøT OT flHCJIOKaUHH npH ee ABHXæHHH. 
Pemaromyio ponb b o6pa30BaHHH komiuickcob, KaK oKa3anocb, HrpaioT He Ba- 

KaHCHH HJIH 3JieKTpHqeCKH aKTHBHbie IipHMeCH, a KHCJIOpOA. 

ConocTaBJieHne Bcex 3KcnepHMeHTajibHbix <J)aKTOB no3BOJiaeT 3aKJiio*iHTb, 
mo bb enerne nncnoKauKH b ZnS cnoco6cTByeTnpH Majibix cieneHHx ne<i>opM a- 
UHH paeTBOpeHHK) KHCJIOpOJia B MaTpHUe H yBeJIHMeHHK) KOJIH^eCTBa KHCJIOpOA- 
Hbix UeHTpOB. n P H OOJIbUIOH IUIOTHOCTH AHCJIOKaUHH (e > 10%) H AOCTaTO<IHOM 
KOJimecTBe KHCJiopona b ncxoAKbix o6pa3ixax o6pa3yeTCH ZnO • S-4>a3a. Han- 
Gojibinee kojihmcctbo 3toh 4>a3bi, no-BHAHMOMy, cKaruiHBaeT ch na rpaHHUax 
CBeTJIblX H TeMHblX CJIOCB, TaK KaK HHTeHCHBHOCTb HX KaTOAOJIK)MHHeCUeHUHH, 

onpenenHeMOH itojiocoh 640 hm, HaHOoJibiuaH (cm. pnc. 5.6, 6 ~ ueHTp). 

Pe3yjibTaTbi HeeneAOBaHHfl b P3M MOHOKpHCTannoB ZnS, noABeprHyTbix 
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tuiacTHHecKOH Æe<|)opMauHH, noKa3a jih, hto pacnpenejierøe KHCJiopo/xHbix 
ccrperaTOB HJiH,ZnO ■ S-4)a3bi b o6i>eMe Maipnubi oqeKb MeJiKOflwcnepcHo. 
ripaKTHqecKH Ha jho6om yqacTKe CBe>Kero cKOJia ueHTpanbHOH qacTH oObeMa 
iraØHfOAaioTCH cneKTpw inna H3o6pa«eHHbix Ha pnc. 5.6, 6 ajih e = 10 h 20%. 
CornacHo 3 thm cneKTpaM, b peuience ZnS (c bmcokoh njioTHocTbio AHCJiOKa- 
Uhh 10 7 —10 9 cm" 2 ) oflHOBpeMeHHo npHcyTCTByrøT <J>a3bi ZnO ■ S h ZnS • O. 
17pw 3tom KHCJiopoflHbie nonocbi A$-A% ZnS nepeKpbreaioTCH cneKTpanbHo 
c nonocaMH najibHHx nap Sq — Sq b ZnO • S-4>a3e. Bo36y)KAeHHe ZnO • S- 
(J)a3bi bo3Mo>kho 3a cqei pea6cop6iXHH H 3 JiyqeHHH KHCJiopoAHbix ixeHTpoB 
ZnS b oOnacTH 370—430 hm. ITepeaaqa aHeprøi B036y>KAeHHH ot xxaJibHHX 
So-So-nap k 6onee rnyOoKHM A j 2 -ueHTpaM b cTpyKType ZnO ■ S npHBoflHT 
K to My, mto b cneKTpax KaTOflOJUOMHHecueHixHH ZnS npeo&iarøeT Kpacnoe 
CBeqeHHe. 


Phc. 5.7. PacnpefleneHHe co6ct- 

BeHHblX TOHeHHblX ftetJjeKTOB H 
aTOMOB KHcnopona b none Kpae- 

BOft AHCJIOKaiXHH 
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MexaHH3M o6pa30BaHHfl OKCHna Ha KpaeBbix ahcjiok aixHHx moxcho npefl- 
craBHTb cneAyiomHM o6pa30M. riepBOHaqanbHo cerperaixHH KHCJiopojxa Ha jxhcjio- 
K«UHH B03MO)KHa B oOjiaCTH CXCaTHH fle(})OpMaiXHOHHOrO nOJIH flHCJIOKaiXHH — 
D uiiac O s - unn O s — Os-UeHTpoB, a b oOnacTH pacTHxceHHH — b BHfle 0/-fle<}>eK- 
TO» (pwc. 5.7). CKOiuieHHH hx MoryT røBaTb SAL-ueHTpbi. nocjiejjyiomeMy 
oOpéHIOUHHHK) ZnO • S-4>a3bI CnOCoGCTByeT TO oOCTOHTeJIbCTBO, MTO (J)a 30 BbIH 
ntpexoA ZnS • Os al “^ZnO • S npeBpaxuaeT ciuibHo v. ckbxcc HHyio peuieTKy b 
ctpyxTypy c MeHbiiiHMH necjx)pMaixHHMH. fleHCTBHTeJibHo, 3HeprHH cbjoh h 
ctokcoii crbht ajih H3o3JieKTpoHHbix ueHTpoB, HCKaxcaiomHx cTpyKTypy, 
\ nu intmeTCH y AajibHHX So~ Sø-nap no cpaBHeHHio c SAL-ueHTpaMH (hjih 
Omh ikhmh Os —Og-napaMH). 06pa3yiomaHcH ZnO • S-4>a3a 6onee CTaOmibHa 
» OQltnCTH Ae^JOpMarøH paCTHJKCHHH flHCJIOKaUHH, TaK KaK Sq —Sq "UCHTpbl 
MiMnriicupyioT 3 th fle(}>opMaixHH. ITepexofl ZnO • S-<})a3bi b oSnacTb pacTHxoe- 
miii iiojim AHCJioKauHH oqeHb BepoHTeH b pe3yjibTaTe CKonjieHHH Ha flHCJiOKa- 
unn ftftKancHH, yjo npHBeneT k nepenoji3aHHio ee (cm. cxeMy pnc. 5.7). 
I*kum o6ptt30M, Ha KpaeBbix AHCJiOKaixHax b ZnS yna^Ho cocymeciByioT 
/nO • S~<|>a3a, cTa6HJibHan b oånacTH pacrnxce hhh, h ZnS • 0-4>a3a, cTa6nnbHaH 
M “OflftCTH OKaTHH. 3 to, no-BHflHMOMy, H HBJIHeTCH npHHHHOH HeOflHOpOflJIOCTH 
pm ih*c;u jiciihh KHCJiopojxa b MOHOKpHcrannax cyjib<|)Hfla ixHHKa. 

Hllicpecuo OTMeTHTb, qTO B npHCyTCTBHH aJIIOMHHHH B ZnS AHCJIOKaiXHH He 
fflOCOOHbl CTOJIb 34>4>eKTHBHO COØHpaTb KHCJlOpOA AaXCe npH HX flBHXCeHHH qepe3 
pipiK ' lauji li upouecce ruiacTHqecKOK ne^opMaixHH. Ha pnc. 5.5, e 9 b qacTHOCTH, 
ii|mju laiuicuLi cneKTpw oflHoro H3 TaKHx KpHCTajuioB 6//ZnS • Al • Ag. Flpn 
»i«M|„,pMannn TaKoro o6pa3ixa cneKTp KHcnopoflHbix H3oixeHTpoB He HapymaeT- 
»B, xotii ciieHCHwe b o6nacTH 339—350 hm HecKOJibKo ocnaOjineTCH. KpoMe 
« aiaiuiaropHOK nonocbi hobmx nonoc JiioMHHecixeHixHH, npHcymnx 
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ZnO • S-cneKTpy (cm. pwc. 4.22), TaioKe ne B03HHKaeT. PaccMOTpeHHe ckojiob 
T3KMX o6pa3LlOB B P3M noKa3bffiaeT, HTO CflOHCTafl HeOAHOpOAHOCTb IiepBOHa- 
MajibHoro pacnpeneJieHHH npHMecw b uenoM He HapywaeTCH. ToHKaa c;ioHCTocxb 
HeoAHopoAHoro pacnpeAeneHHH npHMecn coxpaHHeTca h ajih KpHCTajuioB, 
ae(J)opMHpoBaHHbix Ha 20%. Ha TaKwx o6pa3uax xoporno HaGjnoAaeTCH h3th 6 
nnocKocTeH (111), npeACK33aHHbiH b pa6oTe [250] KaK pe3yjibiaT pa3JiHMHOH 

CKOpOCTH ABHXCeHHH AHCJIOKailHH pa3HOrO 3HaKa B nJlOCKOCTHX CKOJIbJKeHHH. 
Bce 3TH (})aKTbI I103B0JIHK)T 3aKJH04HTb, MTO B npKCyTCTBHH aJllOMHHHH KHCJIO- 
POA B ZnS CBH33H B KOMTUlCKCbl. 

5.4. OCOBEHHOCTH OIITM4ECKMX CBOftCTB 

rHAPOTEPMAJlbHblX COAJ1EPMTOB 

KyOHHecKHH cyxib<})HA AHHKa hbjihctch oahhm h3 HanOojiee nepcneKTHBHbix 
MaiepHanoB ajih npHOopoB MajioHHepuHOHHorc ynpaBneHMH KorepeHTHbiMH 
CBeTOBbIMH nOTOKaMH, OCHOBaHHblX Ha JlHHeHHOM 3JieKTpOOnTHMeCKOM 3<})(})eK- 
Te. n P H BbipaiAHB3HHH Ha 33TpaBKaX THApOTepMSJIbHblM MeTOAOM MO>KHO nOJiy- 
qaTb mohok pucTami bi cc})anepHTa OoJibWHx pa3MepoB. B khcjimx cpeAax b Ha- 
CTonmee BpeMH BbipamHBarøT c<j)ajiepHTbi pa3MepoM 15X20X40 mm. UleJioqHbie 
KpHCTanjibi pacTyi MeHbnmx pa3MepoB, nocKOJibKy b meJioqHOH cpeAe cpaBHH- 
TejibHO Jienco HapymaeTCH njiocKHH <j)poHT KpHCTanjiH3aiiHH. CneAOBajio o>kh- 
AaTb cymecTBeHHbix npeHMymeciB rHApoTepMaJibHon TexHoJiorHH [397, 398] 
npH BbipaiHHBaHHH H3oTpomibix c(J)ajrepHTOB, nocKOJibKy HH3KHe TeMnepaiypbi 
poda 350—400 °Ch OonbiHHe nepecbimeHHH b rHApoiepMajibHbix cpeAax aojt>k- 
Hbi cnocoOcTBoBaTb nonyqeHHio mohok pHCTamioB c Majiow pas ho Be cho h koh- 
AeHTpauHeH ToqeqHbix a^cktob, a TaKxce Ae(})eKTOB ynaKOBKH h ahcjio- 
KauHH- Oah3ko rHApoiepMajTbHbie cc})ajiepKTbi, nonyqeHHbie KaK b kmc- 
Jibix, raK h b menoqHbix cpeAax, qacrc HeoAHopoAHbi m Moryr oSiiaAaib 3aMer- 
HOH aHH30TpOIXHeH. 

HccneAOBaHMH [176] noKa3aJiH npiicyTCTBHe b rwApoTepManbHbix KpHCTan- 
;iax iioBbiuieHHbix kojihmcctb KHcnopoAa. no3ioMy mo>kho Omjio upennona- 
raTb, mto oniHMecKaa a hh 30TponH h hx CBH3aHa c npHcyrcTBHeM KHcnopoAa h 
H epaBHOMe^SkbiM pacnpeAenemieM HeKOHTpoJiHpyeMbix ripHMecen. H?ih yTOHHe- 
HHH 3TOTO o6cTOHTCJIbCTBa H H3yMeHMH HpHpoAbl HeOAHOpOAHOCTeu THApO- 
TepMaAbHbix c^ajiepHTOB 6bina npe ah pH h ara JioKajibHaH cbeMKa cneKTpoB 
KaTOAOJlIOMHHeCLieHAHH B P3M npH B036y>KAeHHH 3JieKTpOHHbIM 30 H ACM 

AHaMeipoM 500-1000 Å. 

KHCUbie C(])ajiepHTbi. Cc})anepHTbi, BbipameHHbie b KHcnbix cpeAax, o6Hapy- 
5KHB3IOT OqeHb HHTeHCHBHOe 3KCMTOHHOe H3JiyqeHHe (pHC. 5.8). CneKTpbl OT- 
paXCeHHH CBHA^TeAbCTByK)T O BbICOKOM COBepmeHCTBe 3THX KpHCiaAJIOB. 3 kch- 
xoHHafl .4-noiioca mx 326,7 hm HMeeT nonyiiiHpHHy 0,5 hm. ripn OojibiiiHx 
ypOBHHX B036y^KAeHHH B P3M eneKTp B 3TOH oOjiaCTH yCJIO>KHHeTCH (cm. 

pa3A* 2.2). 

KncJiopoAHbiH eneKTp A p fchcjihx c<j)ajiepHTOB npeAciaBJieH rpynnoii nepe- 
KpbmarømwxcH nonoc b o6nacT«x 335-360 h 410—415 hm (cm. puc. 5.8, a ). 
Ajih hhx oTcyTCTByioT, KaK npaBHJio, nonocbi,4 p , oGycnoBJieHHbie cpeArøMH 
Og Os-napaMM, ocuafrneHbi iaK/tce no oTHOcHTe/ibHOH HHTeHCHBHocm Ul A no- 
Jiocbi v4§-cepHH no cpaBHeHHio c KneJiopoAHbiM cneKTpoM menoMHbix kphctojI' 
jiob. Mo>kho no:iaraib no3TOMy, mto o chobH an qaeib KHCJiopoAa b 3ihx Kpwc- 
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Tnc. 5.8. CneKxpbi MHKpoKaxoAoniOMHHecueHUHH npn 100 K KHcnoro (a) h menoHHoro (6) 

1 (|KIJIcpHTa Anfl pa3J!HMHbIX 30H pOCTa 

al — ynacToK cpejjHeii cbcthmocth b 3axpaBKe, 2 — npican iionoca saxpaBKH, 3 — 30Ha 
|m i enepauHH, 4 — HapocuiHH cjioh b6jih 3H 30Hbi pereHepauHH; 5 — MOHoicpHCxann b o6- 
iiiuhi ycTaHOBHBUierocH pocTa, 6 — npKHe HeoÆHopoflHoexH 30Hbi pereHepaimn; 6 : 1 - 
Kiirjian 3aTpaBKa, 2 — o6nacxb 30Hbi pereHepauHH, npitMbiKatomaH nenocpeflCTBeHHo 
is KiipaBKe, 3 — 30Ha pereHepauHH, 4 — cepeanna Hapocmero cjioh, 5 — HapocuiHH cjioh 
i» ioHe CTon6^aToH KpHCxaJiJiH3auHH, 6 — CBexjian ofmacxb, oKaHMJiflioiuaH nycxoxbi & 
loilC CTOJl6qaTOH KpHCTajUIH3aUHH 


lailjiax, o 6 Hapy>KMBaeMaH HeHTpOHHO-aKTHBaUHOHHblM aHaJ!H30M B KOJIHMeCTBe 
0,-4 0,6 moji. %, o 6 fl 3 aHa BKjnoMeHHHM H 3 P0 4 , a KOHueHipaixHB pacTBOpeHHoro 
11 peuieTKe c<J>ajiepnia KHCJiopoAa, cyn,H no cneKTpaM, HeBennKa h cocTaBJineT 
' I0 1 8 cm -3 jxjih uyMUJHX o6pa3uoB. MeHbiueMy saxBaiy Kncnopona b KHCJibix 
i’|k.‘jvix cnoco 6 cTByK)T BoccTaHOBHTeJibHbie ycjioBHH, nocKoJibKy npouecc 
nporeKaei npn noBbiineHHbix flaBJieHHnx cepoBonopoAa ( ^500 stm) , o 6 pa- 
lymmerocH npn pacTBopeHMH cyjTh<})HAa UHHica b H 3 PO 4 . HecMorpa Ha dto, 
KHCjibie c(})ajiepHTbi qacro HanpnxceHbi h onTH^ecKH HeoflHopoxiHbi no oo^eMy, 
xoih h b MeHbuien creneHH, qeivi menoqHbie Kpucianjibi. HanpHxceHHbie Kpnc- 
liUlJlM oGbIHHO IiMefOT HHTeHCHBHyiO CHHIOK) 410 -415 HM nonocy, KOTOpaa 
ycnJiHBaercH b6;ih3h Heo/iHopoOTocTew, a jxjih HeHanpn>KeHHbix yqacrKOB 
miTCHCHBHOCTb 3Toii nojiocbi Mana. Ilonocy 410 hm moxcho oObflCHHib npH- 

I VICIBHCM CKOIUICHHH KHCJIOpOAa Ha HeCOBepuieHCTB3X CTpVKTVpbl. 
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Phc. 5.9. rioJiocHaTafl HeoflHopofl- 

HOCTfc KHCJIblX (fl) H LUeJIO^DiblX 
{6, e ) c<i)aJiepHTOB, Ha6nioAeHHaJi 
b P3M b CBexe KaTOAOJirøMHHecAeH- 
IXHH (fl, 6) H B n0JIHpH30BaHH0M 
npoxoaameM CBeTe HHxep(J)epeH- 
UHOHHoro MMKpocKona (e); yBenii- 
«leHMfl - 500 (fl), 900 (6), 100 (e) 


B CBH3H C 3THM HHTepeCHO OTMØTHTb, 4TO B KHCJIblX KpHCTaJUiax nOA MHKpO- 
ckohom o 6Ha py^KHBaeicA mko>k6ctbo o6jiacieH mo uho porno cm, KOTopwe 
npH TpaBJieHHH BCKpbIBaiOTCH, o6pa3y« KaBepHbl. CKOJlbl KHCJIblX KpHCTajlJIOB 
o6napy>KHBaK)T noA bo3Achctbhøm anøKTpoHHoro nywa P3M o*iøHb paBHO- 
MepHoe h HpKQj? CBe^eHHø MaTpHiibi, xoth b oTAejibHbix Meciax ee MoryT Ha- 
6nioA^TbCfl Kp^Hbie høoahopoahocth. XtnH HøKOTopbix yqacTKOB KpHCTajuioB 
OTMeqaeTCfl pe3Ko b bipa> køHH an nonoc^aiocTb (pnc. 5.9, a), npwqøM uiHpHHa 
noJioc BecbMa pasjiH^na: ot 1 no 10—20 mkm. OpHøHTauHfl nojioc cootbøt- 
CTByei IUIOCKOCTHM (111). npOCMaTpMBaiOTCH TaKXCØ MaKpOflC(})eKTbI npOH3- 
BOJIbHOH (J)OpMbI, OTJIHHarømHeCfl OT MaTpHUbl no HHTØHCHBHOCTH KaTOAOHK)- 

MHHeciieHKHH; b peAKHX cjiy^anx HaOniOAaioTCH BbiAenøHHH, npøHMymøciBøH- 
HO BbITHHyTbie BAOJIb nJIOCKOCTØH (111). 

PaCCMOTpHM H3MØHeHHH CneKTpOB KaTOAOAWMHHeCUeHUHK no 30H3M pOCTa 
KHCJioro cc})ajiepHTa (cm. pnc. 5.8, a). KpHBbie 7 h 2 xapaKTøpH3yroT cneKTp 
3aTpaBKH, KOTOpblH, K3K BHAHO H3 pHCyHKa, HMØØT nOBblllieHHyK) MHTØHCHB- 
HOCTb 3KCHTOKHOro H3JiyMØHHH. HapaiAHBaHHØ MOHOKpHCTaJIJia Ha 3aTpaBKe 
b raApoTepMajibHOH cpene HaqHHaøT ch c <})opMHpoBaHHH nøpøxoAHoro cjioh — 
3ohw pereHepauHH. Ha H3o6pa>KeHHHX b CBeTe k aTO aojiiomhhøcaøhuhh 30Ha 
perøHØpaiXHH BblTJIHAHT TØMHOH H MOX<BT HMØTb HØOflHOpOAHOCTH. CnøKTp 00 
COOTBØTCTByøT KpHBOH 3 pHC. 5.8, fl. BCØ nOJIOCbl H3JiyMØHHH yMØHblUHIOTCH nO 
HHTØHCHBHOCTH. ÅHaJIH3 OTHOCHTØJIbHOH HHTØHCHBHOCTH OTAøJlbHblX nOJIOC no- 
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Ka3bmaeT, mo npH pocie b khcjioh cpene no Mepe nepexon# k 30 He percHepa- 
UHH yBeJiHHHBaexcH oTHocHTenbHbiH BKnaA KHcnopoAHoro cBeqeHMH A p b Kpae- 
boh o&racTH 340—355 hm, a Aonn>l Hp -H3nyqeHMfl yMeHbiuaeTcn. nocnenyioiHee 
HapamHBaHHe KpncTanna BocciaHaBJiHBaex nepBOHaqanbHyio hhtchchbhoci b 
3KCHTOHHOH nOAOCbl H nOCTeneHHO yMeHbUiaer HHTeHCHBHOCTb CBeMeHHfl B 
KpaeBOH oøjiacTH (cm. pwc. 5.8, a , KpwBbie 4, 5). CneKipbi HpKocBeTHmnxcH 
b k aTo Aon kjmh He cixe humh HeoAHopoAHocTeH b 30 He pereHepauHH npeACTaBJieHbi 
kphboh 6 pwc. 5.8, a. BocciaHOBHTeJibHaH aTMoc4>epa H3-3a noBbimeHHbix 
MaBJieHHH H 2 S CnoeoOCTByeT KaK B03HHKH0BeHHK) B KHCJlblX KpHCTajIJTaX 
COGcTBeHHblX TOqøqHblX fle(f)eKTOB, C KOTOpbIMH CBH33HbI LieHTpbl KpaeBOTO 
JlA-CBeMeHHH, xaK h HepasHoMepHoMy pacnpeAenemno b hhx KHcnopona. Oc- 
TanbHbie HeKOHTpoJiHpyeMbie npHMecH TaK >Ke, KaK h KHcnopoA, Moryr 6biTb 
pacnpeAeneHbi HepasHoMepHo, ho ohh b HccneAyeMOH oGnacra KpaøBoro 
cneKTpa npn 100 K He BbWBnnioTCH. ripn KOMHaTHOH >xe TeMnepaType pa3- 
jiHwe CBeTJibix h TeMHbix yqacTKOB (nonoc) KpucTanna npoHBJineTCH h b bh- 
AHMom CBeweHHH. ripH stoh TeMnepaiype KoHTpacT b o&iacm HeoAHopoA- 
IIOCTeH KHCJlblX CCjjaJiepHTOB B CBeTe KaTOAOJIlOMHHeeueHUHH o6H3aH B OCHOE- 
IIOM H3MeHeHHK) HHTeHCHBHOCTH CHHeH 450 HM nOAOCbl, KOTQp3H, no-BHAH- 
MoMy, b caMoaKTHBHpoBaHHOM ZnS o6H3BHa ZnO • S-BbiAeneHHHM (cm. 
pnc. 4.22) Ha AHcnoKauHHx. Ilonoca 640 hm b cneKTpax Kwcnbix cc{)anepHT03 
oinocHTenbHo cna6an, h noflBneHHe ee b pa3AHMHbix KpHCTannax He no Ann- 
HflCTCH CTpOrOH 3aKOHOMepHOCTH. 

WenoHHbie c<}>ajiepHTbi. B ouiHHHe ot KHcnbix cpeA CKopocTb pocia Kpnc- 
laJuiOB ZnS b pacTBopax KOH HecKOJibKo HH>xe h HMeeT TeHAeHiiHio k yMeHb- 
ikchhio b npouecce pocia. npH 3tom HapyinaeTcn iuiockhh 4>poht KpHCTannn- 
*i:uuih h npouecc 3aBepmaeTCH o6pa30BaHHeM 3ohw cTonOnaioH KpHCTannH3a- 
mm. MHTepecHo 6wn o npocnenHTb c HcnoJiB30BaHHeM ct>cmkh noKanbHOH 
k u 10 aojik)mh HecueHAHH 3a npoueccoM (J>opMHpoBaHHH uienoMHoro KpHCTanna h 
H MxciiHTb npHWHy HapymeHHfl npouecca k pHcrannn3aijHH. KaK noKa3ann 
MCCJlCAoBaHHH B P3M, CKOAbl UieJIOMHblX C(})aJlepHTOB B CBeTe KaiOAOAIOMHHeC- 
iicimiiH 6onee TeMHbie, qeM KHcnbix, h cpaBHHTenbHo OAHopoAHbie, xoth Te >xe 
oftpambi b npoxoAnmeM nonnpH30BaHHOM CBeTe o6Hapy>KHBaioT aHH30TponHio 
H HOJlocqaTyK) HeOAHOpOAHOCTb (cm. pHC. 5.9, e). B CBeTe KaTOAOJllOMHHeC* 
ueimmi TonbKo b6hh3h HecoBepme hctb o6i>eMa menoqHbix ct^anepHTOB yAaeT- 
c» o6napy)KHTb TaKoro )Ke pona nonocnaTOCTb (cm. pnc. 5.9, 6 ) ,npnqeM nono- 
CHI COOTBeTCTByiOT TpeM CHCTeMaM nJIOCKOCTew (111), BblXOAHUlHM Ha noBepx- 
HoCTb ckoaob (110). TonmnHa OTAeJibHbix nonoc He npeBbiuiaeT 1 mkm, a 
KOHiptiCT H3o0paXCeHHH B CBeTe KaTOAOJIlOMHHeCUeHAHH Cna6bIH, HTO CBHAe- 
TCJibCTBycT o Majibix (Jjji yKTyaixHHx cocTaBa b cjiohx. 

Ha pnc. 5.10, a npHBeAeHbi cneKTpw o6pa3AOB, BbipameHHbix npw 360— 
380°(’ b menoqHbix pacTBopax KOH Ha khcjihx 3aTpaBKax b HanpaBJTeHHHx 
1111) h 1100]. CneKTpw hx THnnMHbi ajib menonHbix c^anepHTOB h npeACTaB- 
ilCHbl CpaBHHTeJIbHO CJiaOoil (no OTHOUieHHK) K KHCJlblM Ct^aJiepHTaM) 3KCH- 
ioiihoh >4 ,,p -noJiocoH 327,5 hm, a T3K)Ke nonocaMH KHCJioponHoro cneKTpa 
/l}| 336 hm (c cepneH (Jjohohhmx noBTopoB) h 368 hm. XapaKTepHO ot- 
cyiermie rpynnbi noJioc KpaeBoro cBeqeHHH 340—350 hm npH HajiHqHH hhtch- 
CMIIIIOH HOJIOCbl A ^ 368 HM. Bæ 3TO MO)KeT 6bITb CBHAeTeJIbCTBOM 6oJIbIUOH 
KoimcmpaiuiH pacTBopeHHoro KHcnopona b menoqHbix C(})aJiepHTax, Korna 
|ica;iinyeicH CBH3b Os^Os Ha napax TpeTbeH KoopflHHaunoHHOH c({)epbi. fleH- 
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CTBHTeJIbHO, no røHHblM aKTHBaiUiOHHOrO aHaJIH33 1J76J COflepXOHHC 10 
pofta b me;io*iKHx c<})ajiepHTax ~ 0,7—0,8 moji. %. Bo3Mo>kho tbiokc. mo (f)op- 
MHpoBaHHK) cpeAHHx nap Og-Os, OTBexcTBeHHbix 3a ycHJieHwe upcuMyine- 
ciBeHHo nonocw 368 hm, cnoco6cTByeT KajiHH, npncyrCTByiomH h b mejiOMHbix 
KpHciajinax. 

OØHapyxcHBaeTCH Koppen huhh Mexmy xapaKTepoM pacnpeaeneHHB khcjio- 
po^a b menoqHbix KpncTajuiax ZnS h hx ormmecKoii oAHopoAHocxbio, TaK, 
KpHCTaJuibi, BbipameHHbie rpaHbK) (111), oimmecKH Menee OAHopoaHbi, MeM 
KpHCTajiJibi, BbipameHHbie rpaHbio (100). B riojiapH30BaHHOM CBeTe b KpHCTa;i- 
nax. BbipameHHbix rpaHbio (111), BbiHBjiHexcH xapaKTepHan noJiocqaiocTb p 
BHAe HepeayiomHXCH cBeuibix h tcmhmx nonoc (cm. pwc. 5.9, e). B cneKTpax 
HjjiyqeHHH hx yBenHMHBaeiCH oTHocHTenbHaH HHTeHCHBHOCTb nonocbi A 
368 hm, a TaioKe o6mee kojimmcctbo pacTBopeHHoro KHcnopo^a b peuieTKe 
(ho naHHbiM aKTHBaiiMOHHoro aHa/iM3a). Moxcho c^nraTb, qro nonocnaTOCTb 
(HipeneJineTCH Ae(j)opMauHHMH b KpHCTajme, bo3hhkihhmh b pe3yjibTaie He- 
pa b ho Me pHO ro pacnpenejieHMH npuMecn KHcnopoAa h ApyrHx npHMecevi, bxo 
AHIHHX COBMeCTHO C HHM. Bo3MU>KHaH aKTHBHaH pOJlb nOCJiejl.HHX noAMepKH- 
itacrc# aiejxyioumM (JjaKTOM, 

PacTBopenne KHcnopoAa b KpHCTajinax ZnS npnBo/XHT k y Me Hb me hm 10 
napaMeTpoB pemeTKM. OrøaKo npeuH3HoHHbie H3MepeHMH JiyqniHx menoqHbix 
KpiicTaJuiOB, coAeprøumx noBbiuieHHoe KonnnecTBO pa ctbo pe hho ro KHcnopo- 
mi, noKa3anH, hto hx napaMeTp a = 0,540920+0,000005 hm Gojibiiie, qeM y 
MUJibix (0,540890±0,000005 hm), coAepacaiAKX cpaBHHTenbHo MeHbinee 
Ko:nmecTBo pacTBopeHHoro KHCJiopoAa. 3 to VKa3biBaeT Ha jiernpoBaHHe mejioq- 
Ilhix KpHCTajIjIOB HapHAy C KHCJIOpOflOM CIieUH<J)HqeCKHMH npHMeCHMH, He 
MtpaK icpHbiMH flnn KHCJibix k pH ctsuijtob, npexcAe Bcero KanneM, conepxcaHHe 
Muoporo MO)KeT Aocmrarb b menoqHbix KpHCTajuiax 0,03 ai. %. 

BjiwHKHe KoHueHTpauHH men o hu KaK pa ctbo pHTeJi h Ha KaqecTBo nmpo- 
n-pMsuibHbix KpHCTajiJiOB cc^anepHTa H3yqajiocb npn BbipamHBaHHH o6pa3- 
imn b mejiOMHbix pa ctbo pax KOH. ConepxcaHHe rnenonH BapbHpOBanocb b 
H(K*; cejiax 10, 20 h 30% npn TeMriepaiype pocia 375 °C h AoOaBKe 0,3% cepw. 

Ila pwc. 5.10, 6 npHBeAeHbi cneKrpbi H3nyqeHHH KpHcrannoB, cHHTbie co cko- 
nnii, iiocKonbKy cKOJibi 6onee HaAe>KHo xapaKTepH3VK)T o6i>eMHbie cBOHCTBa 
ivpnc'IIUUIOB. no 3THM A&HHMM C pOCTOM [KOH] OT 1 0 flO 20% CIieKTp 3KCHTOH- 
imm MiJiyqeHHH Mano MeHHCTCH, ho B03pacTaeT BKJian ajjhhhobojihoboh coc- 
ianfom;meH A p (no oiHomeHHio k A p 337 hm) . Koropan yimipHeicH h CMema- 
i iai ao 370 hm; OAHOBpeMeHHO B03HHKaer oqeHb c/ia6an nonoca A v x 2 430 hm 
(l\ pllBUH 3). llo AaHHblM HCCJieAOBaHHH B nOJlHpH30BBHHOM CBCTØ KpHCTaJIJIbl, 
m.ipaiiieHHbie npn [KOH] = 20%, Han6o;iee aHH30xponHbi h Hanpa>KeHbi. Ilajib- 
nrnmee yBejiwqeHHe KOHueHrpaiiMH pacTBopHTejm ao 30%« AaeT bmøcto nonocbi 
.3'! w>8 HM CHHIOH) COCTaBHHIomyH) OICKTpa ZnO • S 400 HM. npH 3TOM3KCH- 
miiuan /4 Hp -nonoca 3CZnS • O 3aMeTHoycHJiHBaeTCHHcMemaeicH bkopotko- 
ni»nii(tnyio cTopoHy ao 326,3 hm; b oipaxceHHH jihhhh>1 hp cyvKaexcH. 3to noA' 
nu*p>KAaer paccjioeHne KpHCTajuia c BbmeneHHeM ZnO • S npn 6onbLHHx koh- 
niMiipaHMHx meJioqH. Ilpn HccjieAOBaKHH Tex xce o6pa3HOB b P3M 6biJio o6Hapy- 
'KCIII). ‘MO e VBCJIHqeHHeM KOHUCHTpaUHM mejTOHM OT 10 AO 20% 3KCHTOHHaH 
l Mp iiunoca KaTOAOjiioMHHeciieHiiHH ycHJiHBaeTCHB 20—30pa3, a ao 30% — na 

iit»pn;iKa. KpoMe toto, npH Manbix KOHueHTpaiiHHX menoqH o6pa3Hbi oaho- 
ho coAepxcaT noBbiiueHHoe KOJiHqecxBO pacTBopeHHoro KHCjiopoAa h 
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Kanna [183], npH [KOH] = 30% coAep>xaHHe pacTBopeHHOH npHMecn cmrocaeT- 
ca h b oSbeMe B03HHKaior BKJiioqeHHB Biopoil 4>a3bi. CneKTpbi Maipniihi h 
BKmoqeHua, CHHTbie b P3M, npHBeAeHbi Ha pHc. 3.8, KpHBbie 2 h 3 . ConiacHo 
cneKTpaM, BKJiioqeHHH npeACTaBJieHbi b ochobhom f})a 30 H ZnO • S, nocKOJibKy b 
H3jiyMeHHH npeoOnaAaeT cneKip AajibHHx nap So-Sq. 

M3MeHeHHe cneKTpa aJjanepMTa c yBejiwqeHHeM KOHixeHTpauMii pacTBopHTena, 
no-BHAHMOMy, o6bacHaeTca 3aBHCHMOCTbio cTeneHH coBepmeHCTBa KpHCTaruia 
ot pacTBopwMocTH ZnS b >KHflKOH (j>a3e, nocTaBJiHiomeH uhhk- h cepocoAep>Ka- 
mne paAHKajibi k (JjpoHTy KpHCTannH3auHH. HeAoeraTOK hx npH MaJibix [KOH] 
BeseT k 3axBaiy pacTyuiHM KpHCTajmoM Kanna h KHcnopoAa H3 pacTBopa. no- 
BbimeHHe pacTBopHMOCTH ZnS c poctom KOHueHTpauHH mejio^H ooecneMMBaeT 
yBennueKHe ckopocth pocTa, oAHaKo npHBOAHT k Gonee pe3KHM (JjJiyKTyauHHM 
cocTaBa hjih Bbixoay b oøjiacTb KpHCTannH3auHH ZnO (pwc. 1.4). 

Unn yMeHbineHHH KonnqecTBa KHcnopoAa menoqHhie c(})anepHTbi 6bmn Bbipa- 
ineHbi npH TCMnepaiype 375°C b 35%-hom pacTBope KOH c pa3nnqHbiMH ao* 
6aBKaMH cepbi b innxTy. Pe3ynbTaTbi HccneAOBamiH hx KaTOAoinoMHHecueHUHH 
npHBeAeHbi Ha pHc. 5.10, e. C yBenHqeHHeM KonnMecTRa cepbi b pacTBope ot 5 
Ao 30% Aec})eKTH0CTb ochobhoh peuieTKH ZnS yMeHbinaexca. 06 3 tom cbhac- 

TCJlbCTByeT pOCT aØCOJIIOTHOH HHTeHCHBHOCTH 3KCHTOHHOTO CBeqeHHH, Cy>KeKHe 
3KCHTOHHbIX nOJIOC H yMeHblUeHMe HHTeHCHBHOCTH KHCJIOpOAHblX /4 P nOAOC. 

npH 3tom nonoca A 1 ^ yMeHbmaeTCH no mhtchchbhocth noqTK Ha 2 nopaAKa h 
OAHOBpeMeHHo CMeuiaeTCH ot 368 ao 363 hm. OAHOBpeMeHHo KecKonbKo ycn- 
jiMBaeTCH no OTHOcnTenbHOH HHTeHCHBHOCTH rpynna >l p -nonoc c tojiobhoh ah- 
hhch 336 -337 hm. BBeACHHe H36biTKa cepbi b pacTBop npHBOAHT h k yMCHbnie- 
hhk) HHTeHCHBHOCTH CBeqøHMa ZnO • S b ronyGon oojiacTH cneKTpa. B o6beMe 
MOHOKpncTajiAOB, BbipameHHbix c AoGaBKaMH cepbi, He oTMenanocb BbiaeneHHK, 
b to BpeMH KaK b o6pa3uax 6e3 cepbi Ha npocBCT oøHapyxcHBaioTCH b paAe cny- 
qaeB miocKHe hcoahopoahocth paaMepoM 100 X 10 mkm, opweHTHpoBaHHbie 

BAOAb (111). 

ripn BBeAeHHH cepbi b 35%>hmm pacTBop KOH KpMciajinbi c4>anepHTa He 06- 
Hapy>KHBaH)T aohoahht enbnoro Kpaa nornomeHHH 335—350 hm, npncymero 
ZnS * O, coAep>KaiueMy 3HanmenbHbie KonnneeTBa pacTBopeHHoro Kncnopona 
(CM, pa3A. 3.i) . IIOAOGHbie H3MeHeHHH CBHAeTCAbCTByiOT 06 yMeHbLLieHHH KOJIH- 
qecTBa pacTBopeHHoro KHcnopona b rHApoTepMajibHOM wenoniiOM ccJjanepHTe 
b npHcyTCTBHM H36biTKa cepbi. M36WTOK cepbi npH pocTe GnaronpHHTHo Biinaer 
na KaqecTBO THApoTepManbHoro ctbaJiepHTa, ynyMiuaa creneHfa coBepmeHCTBa 
cxpyKTypbi. OAHaKo n,a>Ke npH BBeAeHHH 30% cepbi b boahwx pacTBopax KOH 
pacTyT KpKCTajuibi, coAep>KainKe pacTBopenHMK KncnopoA. TIo AaHHbiM aKTHBa 
ahohhoio aHaiH3a BBeACHHe cepbi naeT MHHHMajibHoe Komme ctbo KHCJiopoAa 
nopHAKa 0,1 moji.%, T.e. noasonaex yMCHbuiHTb npHcyTciBHe 3toh npHMecn b 
mejioqHbix ccfjanepHTax TOJibKO b npeAenax oahoio nopaAKa. 

Phc. 5.8, 6 xapaKTepnsyeT cneKTpbi KaxoAOJUoMHHecueHtpiH npH H3MeneHHH 
cocTaBa menoMHO ro ccjjanepnTa no 3onaM pocTa. IlpHBeAeHbi cneKTpbi KaTOAonio- 
MHHecixeHUHH KpHCTæma, BbipameHHoro rpaHbio (111) npH 360° C b 35%-hom 
pacTBope KOH. IlepexoA ot khcaoh aaTpaBKH (KpHBaa 1 ) k 30He pereHepaumi 
(KpHBaa 3) npHBOAHT K pe3KOMy yMeHbineHHK) HHTeHCHBHOCTH 3KCHTOHHblX 
,4 Hp -nojioc, noHBjieHHio b cneKTpe tojiobhoh jihhhh 336 hm ^4 p -cepHH khc;io~ 
Poahoto cneKTpa h nepepacnpeAeneHHK) hhtchchbhocth ocTanbHbix KHcnopoA- 
Hbix noAoc b noJib3y ahhhhobojihoboh y4 p -cocTaBAHK)meH, B 30He pereHepaijHH. 
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(|)opMKpyK)mewcH b cpeac KOH. pe3Ko vcmjihb3ctch OTHOCHxejibHbiH bkjiua. 
iroJiocbi 640 hm. 3xoro He HaGmoAaercH jjj in khcjiwx KpHCTajuioB. Mo>kiio iio- 
jiaraTb, mo Kpacnoe CBeqemie cneuHajibHo HejiernpoBaHHbix KpHCTaruioB lwapo- 
rcpMajibHoro mejiOHHoro c^anepnia 00H3aH0 (fcaae ZnO * S Ha AHcnoKauMAx He- 
cooTBeTCTBHH (cm. pa3A. 4.5 ; 5.6; 5.3) Mexc/iy cjiohmm. 

Ajih Hapocmero cjiob mejioHHbtx KpMcxanjioB, cBermviocTb KOTopbix b o6i>e- 
mc paBHOMepHan, Ha pnc. 5.8. 6 npHBe^eHbi ana cneKTpa (KpHBbic 3 w 4). 
( iieKTp 3 xapaKrepH3ycr o6jiaeTb, othochihvioch iienocpeACTBeHHo k 3ohc 
pereHepaiJ^HH. Oh TurameHflnn menonHbix c(})&nepHTOB. CneKip 4 xapaKTeppnyeT 
cepemmy Hapocmero cnon, yAajieHHvio or 30Hbi pereHepaiiHH. B hcm pe3Ko ycn- 
Jl HBadCH OTHOCMTeJIbHaH HHTeHCHBHOCTb KHCJIOpOAHOH j4 P -nOJIOCbI 368— 
370 hm, ycHJTHBaeTCH h nonoca 336 HM.4 p -cepHH KMcnopoAHbix uenipoB, a tbk- 
>kc B03paciaeT oTHOCHiejibHbiH BKJiaA cse^eHHH 640 hm. ØKCHTOHHaH ,4 Hp -nojio- 
ca 3aracaei h cABHraeTCH b AJmHHOBOJiHOBVK) CTopoHy ao 328,5 hm (A Hp ). 
( ocTaBJiHiomaB 329,5 hm ) Bbipa>KeHa cJiaOee, qeM y khcjibix KpHCTajuioB, 

mo, KaK npaBHJio, npoHBJiHeTCH na cnaAeX Hp -nojrocbi 327 hm. 06e nonocbi hih- 

pi\ MCM B CHVqae KHCAbfX C^aJiepHTOB. TTo-BKAHMOMy, AJIH 3IOH OØJiaCTH KpHC- 
lajuia xapaKTepna MaKCHManbHaH pacTBOpHMucTb KHcnopoAa h kjuihh b ZnS, 
iipiiBOAHmaa k cjiohctoh HeoAnopoAHociH h nanpa>KeHH0CTH Bcero KpHCTaji- 
im B ueJIOM, KOTOpbie npOHBJIHIOTCH B aHH30Tp0nHH B nOJTHpH30BaHHOM CBCTe 

(rM. pwc. 5.9, e ). 

OOjiacTb CTon6qaxoH KpHCTajinH3auHH b cneTe KaTOAOJiKjMKHecueHUHH pa3- 
u-MnercH Ha yqacTKH, pa3Hbie no cbcthmocth, Jlna xeMHbix yqacTKOB KpHCTan- 
'u Me>Kfly nycToxaMH coxpaHHexcH leHAeHUHH HaKoruieHHH KncnopoAa h npHMe- 
* u, oi BCTCTBeHHOH 3 a nonocy 640 hm npH o6meM pocie ac^ckthocth pemeiKH 
(pnc 5.8. 6 y KpHBan 5). CBei.ibie oØjiacTH, OKaHMJimoLUHe rrycTOTbi Mexcny 

I poCTKaMH KpHCTaJlJIOB, HMCiOT 6o.iee COBepmeHHVK) CTpyKTypy. Uah hhx 
bo ipacTaei HHxcHCHBHocxb 3KCMXOHHOM nojiocbi. KOTopan CMemaeTCH AO 
<3 /.o HM (pMC. 5.8, 6 . KpMBaH 6 ) . yMCHhUiaeiCH OXHOCHXeJIbHblH BKAaA KHCJIO- 
poAHbix nonoc A p h 640 hm. ripn 3 tom, ecjm b khcaux KpHcxajmax oGnacTH 
Im tnoM cBexMMOCiH npw 100 K pa3HHqaioxcH b ochobhom HHxeHCHBHocxbio cec- 
'irnn>i 340-355 hm, xo b inenoqHbix KpHCTaimax 3 ih o6jiacxn cymecTBeHHO pa3- 
niBiaiorcfl w no HHxeHCHBHOCTH nojTOCbi 640 hm. 

HraK, aHanH3 cneKxpoB h ocoøeHHoexeH pocxa MOHOKpHcxajuioB 3CZnS 
b i HnpoxepMaJibHbix ycnoBHHX CBHAexenbCXByex o tom, mo b menoqHbix boa- 
m.ix cpeAax pocT KpHCTajuioB conpoBO>KAaeTCfl 3axBaTOM Sojimiihx KoJiHqecTB 
upnMCCH KHcnopOAa (ao 0,7 -0,8 moji.%), KOTopbiH o6pa3yeT c cynb(})MAOM 
miHKa TBepAbiH paciBop, xapaKTepHsyiomHHCH (JjnyKTyauHHMH cocTaBa H3-aa 
Mpncy xctbhk O h K, ho BecbMa ycTomiiiBbiH npH KOMHaTHOH TeMnepaiype. 

II npcACJiax MOHOKpHCTanjia, no-BHAHMOMy, Ha AHcnoKauHHX cocymecTByrøT 
abc maHMHO HacbimeHHbie (J)a3bi ZnS • O h ZnO ■ S. B khcjimx cpeAax khcjto- 
po;i bxoamt b KpHcraJiJi ZnS b npouecce pocTa b ochobhom KaK npnMecb no He- 
CoBCpmeHCTBaM CTpyKTVpbl. ripH 3TOM MaTpHlia KHCJIblX C(J)aJTepHTOB COAep>KHT 
m;i;io KwcjiopoAa h 6ojiee H30TponHa. 
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5.5. OnyKTyAJUHM COCTABA M nPHPOflA HEOAHOPOAHOCTEft 

HH3KOOMHMX MOHOKPHCTAJIJIOB CyJIb<I>HÆA UHHKA, 

JlETHPOBAHHblX AJIIOMHHHEM 

Co 3 flaHHe 34>c}>eKTHBHbix MH)KeKUHOHHbix CBeToanoaoB Ha ocHOBe cynbcJiHua 
UHHKa Tpe6yeT HH3KOOMHbIX MOHOKpHCTaJIJIOB [399] . HH3KOOMHbIH cyjib- 
4>hu UHHKa nonyqeH b HacToniuee BpeMH npn nerupoBaHHH ajnoMHHHeM. FIpoBo- 
UHMOCTb TBKHX MOHOKpHCTaJIJIOB, BbipaiUCHHblX H3 paCUTiaBa, AOCTHiaeT 
1 Om' 1 • cm~ 1 , mo Ha 11 — 12 nopHAKOB Bbirne HejienipoBaHHbix o6pa3UOB 
[400, 401] . CHHTaeicH, hto BbicoKan cieneHb caMOKOMneHcauHH coOcTBeHHbiMH 
To^ieqHbiMH jo,e<})eKTaMH oOycnoBiiHBaeT cymecTBOBaHHe TOJibKo BbicoKooMHoro 
cyjib<])HAaUHHKanpn uerHpoBaHHH aoHopHbiMH npHMecHMH, nomoMy BbicoKaa 
npoBouHMOCTb BbipameHHbix H3 pacruiaBa KpHCTannoB ZnS c ao6aBKaMH Al 
o6bHCHHjiacb npocjiouKaMH OKCHua UHHKa [402] . Ann BbiacHeHHu aioro hbjic- 
hhh HaMH 6buiH H3yqeHbi cneKTpbi MHKpoKaTOUOJiioMHHecueHUHH b P3M yqaci- 
kob 100 X 100 - 0,1 X 0,1 mkm MOHOKpHCTaJIJIOB ZnS, JiernpoBaHHbix aJHOMH- 
HHeM npn KpHciajuiH3auHH H3 pacitaaBa. OTuejibHbie H3MepeHHH cneKTpoB Ka- 
TOuonrøMHHecueHUHH, a TaK^ce cneKTpoB OTpa>xeHHH h norjiomeHHu npoBoan- 
jiHCb npn 77 K b iunpoKOM nyqne (cm. pa3A- 2.1). CouepxcaHHe KHCjiopoaa b 
o6pa3Uax KOHTpOJIHpOBaJIOCb HeHTpOHHO-aKTHBaUHOHHblM aH3JlH30M, æilOMH- 
HHH — CneKTpaJIbHblM aH3JIH30M. MeTOAaMH CBeTOBOH MHKpOCKOnHH nccjieao- 
BaHbi MaKpoae(})eKTbi CTpyKTypbi (BbiaejieHHB h nycTOTbi). MccjieaoBajiHCb 
MOHOKpHCTajuibi c coaepxcaHneM Al ot 10" 4 ao 1%. IlpHMecb ao3HpoBanacb b 
uiHXTe, TaK KaK K03(})c])HUHeHT pacnpeaeneHHH ana anioMHHHH 6jih30k k 1. 

MHKpO(|)OTOrpa4)HH CBe>KHX CKOJIOB (110), CHHTbie B P3M B CBeTe HHTe- 
rpaJibHOH (no cneKTpy) KaToaojnoMHHecaeHUHH, npeaciaBJieHbi Ha puc. 5.11. 
KaK bhaho H3 pHc. 5.11, a, 6, y jierHpoBaHHbix ajnoMHHHeM MOHOKpHCTaJIJIOB 
HaOnioaaeTCfl xapaKTepHan nonocqaTOCTb Ha cKonax b cjiohx, napajuienbHbix 
iuiockocthm (111). nouocqaTbiH KOHTpacT ocnaOeBaeT c yBejiHqeKMCM CTeneHH 
jierHpoBaHHH ajnoMHHHeM, npw 3tom B03pacTaeT aojih CBeTJiwx nonoc, a tojiiuh- 
Ha cnoeB MeHueTCH ot 4-10 (3CZnS, cm. pnc. 5.11, a) ao 0,2 mkm (2//ZnS, 
cm. pnc. 5.11 , 6). KoHTpacT noJiocqaTocTH ycitnHBaeTCH npn noHHxceHHH TeMne- 
paiypbi ci>eMKi#)T 300 ao 100 K hjih npn cbeMKe b MOHoxpoMaTHqecKOM H 3 Jiy- 
qeHHH 435 hm. 

IIocKOJibKy H3BecTHO, qTo MOHOKpHCTajuibi ccJjanepHTa, JiernpoBaHHbie ajno¬ 
MHHHeM ao 10~ 2 %, coaepxcaT noBbuueHHoe KOJiHqecTBO aec])eKTOB ynaKOBKH, 
Mbi nonbnaJiHCb BbincHHTb, He cBH3aHo jih HepaBHOMepHoe cJioHcioe CBeqeHHe 
KpHCTaJiJia c HajiuqHeM MHKpouBOHHHKOBbix rpaHHu. OuHaKo nocne ycTpane- 
hhh aecfreKTOB ynaKOBKH iuiacTHqecKou aecfiopMaiiHeH no MCToaHKe, onncaHHOH 
b [388] , cJiOHCToe CBeqeHHe coxpaHHeTcn. Ann MOHOKpHCTaJIJIOB BiopuHTa, ko- 
Topbie pacTyT H3 pacruiaBa npn aoOaBKax amoMumn > 10~ 2 % h hmciot cpaBHH- 
TeabHo Majioe KOJiHqeeTBO ae4>eKTOB ynaKOBKH, TaKxce HaOjnoaaeTCH nonocqaTaa 
HeOAHOpOUHOCTb B KaTOUOJIIOMHHeCUeHUHH (cm. pHC. 5.11,6). TaKHM 06pa30M, 
cnoHCTocTb jierupoBaHHbix KpHCTaJinoB oOycnoBJieHa He aec})eKTaMH ynaKOBKH, 
a HepaBHOMepHbiM pacnpeaejieHneM npHMeceii, KOTopoe Jinuib ycyry6jiueTCH ae- 
4?eKTaMH ynaKOBKH. HeoaHopouHocTb cocTasa noaiBep>KuaeTCfl cbcmkoh 
b OTpaxceHHbix 3JieKTpoHax. OKa3ajiocb, mto TeMHbie b KaioaonioMHHecueHUHH 
cnoH (cm. pnc. 5.11, 6) coaep>KaT npHMecb c nopnaKOBbiM HOMepoM, MeHb- 
iiihm, qeM cpeaHHH nopHUKOBbiH HOMep ZnS (paBHbiH 23). 3to cneayei H3 
pHc. 5.11, e, nonyqeHHoro b oTpaxceHHbix aneKTpOHax. OqeBHAHo, qTo cjioHciaH 
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Phc. 5.11. MHKpoc|)OTorpa(J)HH ckojiob MOHOKpHcrajiJioB ZnS ■ Al, noJiyMCHHbie b cbctc 
K aTOftoniOMHHecueHUHH (a d) u b oTpaaæHHbix aneKTpoHax (e); cojiepHcaHHe amoMH- 
hhh b KpwcTannax 10~ 4 (a), 5 • 10' 3 (e) t 10~ 2 (d), 10' 1 (d, e) h 1% (e); yBenmieHHe - 
500 (a, 6, e); 2000 (d, e) 







HeOftHOpOAHOCTb MOtfCei OblTb CBH3SHa C npHCyTCTBHeM B KpHCTajlHaX npHMeCH 
ainoMHHHH (Z ~ 13). O^HaKo cymecTBeHHVK) poiib npw 3tom mokct nrpaTb h 
KKCJiopoA (Z = 8), cozjep>KaHHe KOToporo comacHO HeHTpoHHO-aKTHBaimoHHo- 
My aHaJiH3y b KpHCTajuiax ~ (1-4) • Kwcnopou, no AaHHbiM pa3fl. 5.2, 

noMTH Bcerfla nepaBHOMepHo pacnpefleneH b MoHOKpHCTannax c^ajiepma, o6ec- 
neqnBan hx cnoHCTywj HeoflHopoflHocTb. Jlnn BbiHcneHMH npnpoflbi HeoflHapofl- 
HocTen b MOHOKpHCTajurax ZnS, .nernpoBaHHbix Al npn BbipamHBaHHH H3 pac- 
nnaBa, 6bniK HccneflOBaHbi cneKipbi MHKpoKaTOflonioMHHecueHUHM b cjiohx. 
CneflyeT oiMeTHTb, mto CBeqcHHe KpncrannoB onpeflenneTCH npeHMyinecTBeHHo 
CBCT.riblMH CJIOHMH (CM. pHC. 5.11, fl). B ClICKTpe KaTOflOniOMHHeCUeHAHH CBeT- 
jiwx cnoeB npeoOnaflaeT chhhh nonoca e MaKCMMyMOM 435 hm npw 100 K 
(pMC. 5.12). C pocTOM TeMnepaTypw ao KOMHarHOH 3Ta nonoca yMeHbinaeTCH 
no HHTCHCKBHOCTH npHMCpHO B 2 pa3a H 3aHHMaCT n 0 J 10 >KeHHe 440 HM. C nOBbl- 
menneM ypoBHH nenipoBaHHH ajnoMHHHeM chhhh nonoca cthhobhtch khtchchb- 
nee, B yjifcTpa4)HOJ7eTOBOH o6jiacm cneKTpa KaioflOjnoMHHeciiCHUKH cBembix 
cnoeB BHAHa 3kchtohhhh nonoca 328 hm (A* p 3CZnS) hjih 324 hm (A Hp 2 
2//ZnS), a TaK>Ke rpynna nonoc A p 335—365 hm, cooTBeTCTByrøman penaKCH- 
pOBaHHblM Ha KHCnopOAHblX UeHTpax COCTOHHHflM. C VBenHMCHHeM ypoBHH ne» 
mpoBaHHH ao 10~ 2 — 10'“ 1 % HHTeHcwBHoCTb ynbTpa4>HoneTOBbix nonoc pe3KO 
yMenbinaexcH. 

HccneAOBaHHH cneKTpoB oipa>KeHHH BbiHBnHioT cipyKiypHbie oco6eHHocTH 
ZnS ■ Ai. Tqk npn BBeflemiH Manbix KonnnecTB Al ao 10~ 3 —10~ 2 % skchtoh- 
Hbie nonocbl B OTpaaæHHH HHTeHCHBHblC H CABHHyTbl B KOpOTKOBOJIHOByiO CTO- 
poHy npHMepHo ao 325,3 hm. 3to yKa3bEBaeT Ha Hamrøie Oojibworo Konn- 
necTBa fle<J>eKTOB ynaKOBKH b tekhx KpncTannax, mto noATBepxcflaeicH peaynb- 
TaTaMH peHTreHocTpyKTypHbix HccneAOBaHHH [17]. Cnoncian HeoflHopofl- 
HOCTb KpHCTannOB npHBOAHT K yiHHpeHHK» 3KCHTOHHbIX IIOHOC AO 1,5—2 HM npH 
77 K, a npn co a6P>kehhh KHcnopofla > 0,01 moji.% - k AnHHHOBOJiHOBOMy 
CMemeHHK) 3KCHTOHHbIX nOHOC Ha 11,5 HM. 

C yBeJIHMeHHeM KOKUeHTpaAHH Al AO 5 • 10~ 2 % KOpOTKOBOnHOBblH CABHr 
3KCHroHHbix nonoc ycnnHBaeTCH, a innpoKan nonoca A Hp aKCHTOHa Moxcex 
pacmenjiHibCH Ha Ase KOMnoHeHTbi, xapaKTepHbie Ann nonHTHnHbix cTpyKTyp. 
KpoMe Toro, c^octom [Al] h vBennnenHeM b Kpnciannax ac^cktob ynaKOBKH 
noHBJiniorcn AononHHxenbHbie ManoHHxeHcHBHbie nonocbi oxpa*;eHHH 2//ZnS 
322,4 h 324,1 hm. AHanornnHan KapTHHa mokct hmctb Mecxo h npn coflepnca- 
hhh Al 10" 1 %, KorAa pa3Hoo6pa3He cTpyKTypHbix cj)opM eme 6onbine h Ha6nio- 
AaioTcn cneKTpbi, npncymHe nonHTHnaM 6 H, 4H h 3C, a xaKx<e BiopuHTy. 
B 6onbiiiHHCTBe cnynaeB 3KCMTOHHbie nonocbi OTpaxceHHH 3 thx KpwcTannoB 
oneHb cnaobie. CneKTpanbHoe nonoKCHHe hx He Bcerfla cooTBeTCTByeT Henern- 
poBaHHMM KpHCTannaM (cm. pa3fl. 2.2—2.4). HanpHMep, y KpHCTannoB 2 H c 
KOHneHTpaiiHCH Al 10“*% npoMepnioTCH ManoHHTeHCHBHbie nonocbi 322.8 h 
319,3 hm - A* p nB* p (cm. Ta6n. 3.6). 

OcnaOneHHe 3KCHTOHHbix nonoc A Hp b H3nyneHHH KpHCTajinoB ZnS, nernpo- 
BaHHbix Al, He cBK3aHo c pa3MbiTHeM 3KCHTOHHbix nonoc npw nernpoBaHHH 3 a 
cqex 3KpaHHpOBaHHH 3KCHTOHOB CBoGoflHbIMH HOCHTenHMH, TaK KaK HCMe3aK)T 
He TonbKo 3KCHxoHHbie A Hp -nonocbi, ho h nonocbi A p 0 , A P ~A P . B pHfle cnyna- 
es b cneKTpax OTpaxæHHn h KaTOflonioMHHeciieHAHH npn 77 K cwnbHO nernpo- 
BaHHbix o6pa3HOB 3KCHTOHHaH A -nonoca ZnS coxpaHnexcfl, ho oHa cABHHyTa 
AO 326 hm y 2A/ZnS (pnc. 5.13, a) . ripn 3 tom b cneKTpax OTCvTCTByioT nnn cy- 
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Pkc. 5.12. CneKTpbi MHKpo- ^ik«m» omH.efl. 



mcciBeHHO ocnaSjieHbi noJiocw. oGvcJiOBJieHHhie peKOMØHHauHeif na penaKCHpo- 
naiiHbix A p 0 - m/1J 0 _ 3 -coctohhhhx, oobiqHo oneHb HmeHCHBKbie b oGnacTH 335 
550 hm zuih ZnS, BbipameHHoro H3 pacroiaBa (cm. pnc, 5.13, a, KpuBan 3).. 
< ontspHcaHHc KHcnopoAa b KpHCTajuiax, nernpoBaHHbix ajr iomhhhcm, no a^hhhm 
HCHT poHHo-aKTHBauHOHHoro aHanim He yMeHbiuaeTCH. YBejiHqeHHK) 3axBaia 
KMCJiopofla npH pode cnoco6cTByeT h Aet^eKTHOdb KpHCTaJuioB cynb<j)HAa uhh- 
Kil, JierHpOBaHHblX æilOMHHHeM, H3-3a nOBblineHHOH paCTBOpHMOCTH KHCJIOpOAa 
nr Ac^eKTax ynaKOBKK c(J)ajiepHTa unn b reKcaroHaiibHOH CTpyKType itojihth- 
iiok bH, 4 i/, 277ZnS. Pe3Koe yMeHbiueHHe OTHocHTejibHOH HHTeHCHBHocTH no- 
mck* KaTOAomoMHHecueHnrøi KHcnopoAHoro cneKTpa npn jierHpoBaHHH anioMH- 
mu*M oGbHCHHeTCH noaTOMV ApyroH npurøHOH. Mo>kho npeAnono>KHTb, mto xhc- 
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nopou b HccneÆyeMbix KpHCTannax npeHMyiuecTBeHKo cBHaaK c anioMHHHeM, 
nocKOJibKy nonoc, THrorøHbix unn ZnO, He HaOnioAanH hh b cneKTpax oipaxce- 
HHH, HH B KaTOflOJllOMHHeCUemiHH T3KHX 06pa3U0B. M3 CpaBHeHHH 3HTaJIbnHH 

o 6 pa 3 QBaHHH coeAHHeHHH A1 2 0 3 , AI2S3, ZnS, ZnO, paBHbix cooTBeTCTBeHHo 
1672; 509,5; 207; 348 KXlxc/MOJib, mo>kho 3aKJiioHHTb, mto b cHdeMe ZnS- 
A1 -0 npeflnomHTenbHO AOJi>KHbi B03HHKaTb CBH3H O—Al, oco 6 eHHO npH cerpe» 
rauKH 3 thx npHMeceH Ha Ae(J>eKTax ynaKOBKH. IlpH 3 tom KHCJiopoA npeHMy- 
mecTBeHHO pacnonaraeTca b 6 jth 3 H Alz n * B CBH 3 H c 3 thm b KpncTajinax ZnS, Jie- 
rnpoBaHHbix anioMHHHeM, co3AaeTcn noBbimeHHaH KOHueHTpauHH Ojihhchhx nap 
Os -O s 04 li2 -ueHTpoB). 

H3yqeHHe yjibTpatJwojieTOBbix cneKTpoB nornoineHHH Tex xce o6pa3Uos nona- 
3ano, mo y>xe npH Majibix (10" 3 %) KOJiHnecTBax ajiioMHHHH b c^anepHTe B 03 - 
HHKaeT pe3KHH, xapaKTepH3yK)mHHCH K03<}><})HUHeHT0M nornomeHHH 10 2 - 
10 3 cm -1 , AonojiHHiejibHbiH Kpan nornoiueHHH 350 hm npn 77 K. IlpH kohiich- 
TpauHKX aniOMHHHH, paBHbix 10‘ 1 % Kpafi caBHraeTCH ao 380 hm jojih c<J)anepH- 
Ta h 375 hm ajih BiopuHTa (77 K). Ha6nioAaeMoe AJiHHHOBOJiHOBoe CMemeHHe 
Kpan norJionieHHH cooTBeicTByei norJiomeHHio penaKcnpo b aHHbiMM coctohhhh- 
mh Ha KHCJiopoflHbix ueHTpax^P 2 (cm. ra6n. 3.4). Ilpn 3 tom pacTeT hhtchchb- 
HOCTb nOJIOCbl KaTOAOJHOMHHeCUeHUHH 435 HM (cm. pHC, 5.12). YMaCTHe KHCJIO- 
pona b 4>opMHpoBaHHH ueHTpoB chhch JiioMHHecueHUHH noATBep>KAaeTCH pe3- 
khm yBejiHHeHHeM HHTeHCHBHocTH noJiocbi 435 hm npH nepexoAe ot Ky6*raec- 
koh cTpyKTypbi 3CZnS k reKcaroHajibHon 2//ZnS npw KOHueHTpauHH ajiioMH- 
hhh 10 -1 % (cm. pHc. 5.13, 6), Koraa CKanKOM B03pacTaeT b pemeTKe cy;ib<}>H- 
Aa AHHKa paCTBOpHMOCTb KHCJIOpOAa. 

Hapnuy c 3thm HccneAOBaHHB CHHero CBeqeHHH ZnS c Ao6aBKaMH Al b 3aBH- 
chmocth ot iuiothocth TOKa B036y>KAeHHH (pHc. 5.14) noKa3biBaioT, hto noBe- 
AeHHe CHHeH nonocbi KoppennpyeT c ko HueHTpauHe h aniOMHHHH b KpHcTajuiax. 
nocKOJibKy ypOBCHb B036y)KAeHHH B yCJTOBHHX CbeMKH B P3M AOCTHraeT Be- 
JIHHHHbl ~ 1 • 10 18 cm” 3 , B03MOXCHO HaCbHAeHHe TOJlbKO Tex nOJIOC H3JiyMeHHH, 
AHB KOTOpblX KOHueHTpauHH ueHTpoe < 10 18 CM -3 (10“ 3 %). IlpH MaJIOM CO- 
AepXCaHHH aJTIOMHHHH (10“ 4 %) HaOnrøAaJTOCb HaCblUieHHe HHTeHCHBHOCTH CHHeH 
nonocbi c yBenHneHHeM nnoTHocTH TOKa (cm. pnc. 5.14, a), b to BpeMH KaK 
npH ypoBHHx jférnpoBaHHH amoMHHHeM 10“ 2 % chhhh nonoca He HacbiiuaeTcn 
(cm. pnc. 5.14, 6 ). CoAepxcaHHe KHcnopoua b KpHCTajuiax npn 3tom He mchhct- 
ch, cneAOBaTenbHo, ueHTpbi CHHero cBeneHHH BKnioqaroT anioMKHHH. FIo-bhahmo- 
My, aniOMHHHH npeuonpeAejiHeT pacnono>KeHHe npHMecn KHcnopoua b 6jiHxcaH- 
uihx y3Jiax peuieTKH ZnS h o6pa30BaHHe (Os—Os)—Alz n -ueHTpoB. IlocneAHHe 
AOJi>KHbi cHnbHee Ae(J)opMHpoBaTb pemeTKy ZnS,neM 0$- hjih Os~ Os-ueHTpbi, 
nocKOJibKy Ae<})opMauHH o6i>eMHoro HecooTBeTCTBHH juw Os h Alz n kmciot 
oahh 3HEK. B pe3yjibTaTe (Os—Og)-Alzn-u eHT P «bahctch Gonee 3<jx])eKTHB- 
hoh noByuiKOH BO30y>KAeHHH [257], neM 6nH>KHHe KHcnopoAHbie napbi. 3to no- 
3BonneT o6bHCHHTb ocJiaOneHHe nonoc KaTOAonioMHHecueHUHK H30JiHpoBaHHbix 
Os -ueHTpoB h AaJibHHx Os—Os-nap b o6nacTH 335—350 mm, a TaK>xe ocJiaOne- 

HHe BIUIOTb AO nonnoro HCMe3HOBeHHH 3KCHTOHHblX A HP -nOJIOC. B IipHCyTCTBHH 
ueHTpoB c BbicoKOH cTeneHbio jiOKanbHOH Ae<])opMauKH peuieTKH [257] iiohk- 
>KaeTCH 6apbep ahh pejiaKcaunn h HepenaKCHpoBaHHbie coctohhhh Ha tcx >Ke 
A x 2-ueHTpax CTaHOBHTCH HecTaOHJibHbiMH. CneKTpbi mnynemifi h nornoiueHHH 
onpeACAHiOTCH npeoOnaAaiomHMH pen aK cnpo BaHHbiMH coctohhhhmk Ha 
(Os-Os)— Alzn^^P^* Ohh asiot chhiok) nonocy 435 hm (100 K), cahh- 
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HKTeHCHBHOCTH MHKpOKaTO flO JIXOMHHeCfleHflHH OT MaxpHflbl. IIpH 3T0M flHH 06 - 
pa 3 iioB c [Al] < 10“ 3 % ohh TeMHbie (cm. pHC. 5.11 ,, a npH GojibuieM ypoBHe 
J 1 CrHpOB3KHH BHpTpeHHHB nOBCpXHOCTb 3THX nOJIOCTCH MMeei nOBbimeHHyiO Hp- 
KocTb. B cjiynae HpKow cb6thmocth nycTOT (no cpaBHeHHK) c MaTpmjeH) b 
cneKTpax k aTojxojuoMHHecueHUHH mx HaGmonaeTCH ycHneHHe cmeH nonocbi, a 
oånxHM 4>oh b ynbTpa^HoneTOBOH oGnacTH npeBbimaei <*)oh Maipnubi. 

Bonee cymecTBeHHbie paanH^HH b cneKTpax kbtoaojiiomhhø cueHunn Gmjih 
oGHapyxceHbi npn HccneflOBaHKH cnoHCTbix HeoflHopoflHocreH oGbeMa KpHcian- 
hob (cm. pwc. 5.11, a, 6 , d, e). Ecjih cBemMOCTb cBeuibix cnoeB h ynacTKOB 
00H3aHa nonoce jnoMHHecaeHitHH 435 hm (100 K), to ana TeMHbix nonoca CMe- 
meHa «o 450-480 hm (pnc. 5.15, KpHBbie 2 ) . 3to cBHfleTejibCTByeT o npeoGna- 
flaHHH B TeMHbix CJIOHX fleHTpOB, THIIHqHblX flHH GeCKHCJTOpOflHOrO cyjib<}>Hfla 
UHHKa, jierHposaHHoro aniOMHHHeM. YnbTpa^HoneTOBbiH cneKTp tømhmx cjio- 
eB TaKXce THromeH ajih ZnS c MeHbinHM coflep>KaHHeM KHcnopofla no cpaBHeHHio 
c coflep>KaHHeM ero b cBeTJibix cjiohx: ajih TeMHbix cnoeB eme npoMeparøTCH no- 
nocbi A p b oGnacTH KpaeBoro cneKTpa, a ajih cBembix Bce nonocbi b 3toh 06- 
nacTH oaeHb cnaGbie (Ha ypoBHe <|)OHa). IIocjieflHee xapaKTepHO flnn npeflenb- 
Horo jiernpoBaHHH KHcnopoflOM h comacyeTcn c yBejrnraeHHeM HHTeHCHBHocTH 
CHHeii noirocbi b CBeTJiwx cjiohx. HepaBHOMepKoe cBe^eHHe MOHOKpHCTajmoB 
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ZnS * Al, TaKHM oåpa30M, o6h 33HO HqpaBHOMepHOMy b cjiohx pacnpencneiiHio 
KHCJIOpOJJLHblX IjeHTpOB. 

CornacHO [402], cBeuibie cjioh b MOHOKpHcxajinax ZnS, JicrHpOBamrwx Al 
npn BbipamKBaHMH H3 pacnnaBa, — BbicoKooMHbie. a TeMHbie cjioh hm3koom- 
Hbie. XtnH BbIHCHeHHfl npHMHHbl HH3KOOMHOCTH 3THX CJIOeB H B03MO>KHOrO y i ldC- 
THH aJIIOMHHHH B 3JieKTponpOBOHHOCTH CyJIb<j)HAa UHHKa SbIJiO H3yMeHO paBHO- 
Beene ^e^eKTOB b MOHOKpMcxajiJiax ZnS c npHMecbio 10~ 2 % AL M 3 røarpaMMbi 
pHC. 5.16 BHUHO, HXO aJIIOMHHHH 3aMeTHO yBeHHHHBaex KOHUeHTpaUHH) Vzn H 
V' Zn h pe 3 Ko noHHxcaeT coAepxcaHHe b pemeiKe Me>Ky3ejibHoro AHHKa. Bce sth 
H 3MeHeHHH co3AaioT ne^opMannH pacTJDkeHHH b KpwcTaJiJie TaK xce, Ka k h Ai Zn . 
Ae4>opMauHH paciH>KeHHH AOJDKHbi eme Gonee ycyryGjiHTbCH npn pacTBopeHHH 
KHCJiopoaa b ZnS • Al. 3 th npuMHHbi h onpenenfliox bo3hhkhobchhc OoJibmoro 
KOJiHMecTBa n,e4)eKTOB ynaKOBKH b c^anepnie npH JiernpoBaHHM AL 

M3-3a npeoSnaaaHHH BaKaHCHH uhhkb KpHcxajin ZnS • Al bo bcgm AHana3one 
/naBJieHHH napoB komitohchtob oKaaMBacTCH o6orameHHbiM cepon. Opw otom 
oiKjioHeHHC ox cxexHOMCxpHH AocxnraeT 10 19 ovT 3 npH/s 2 ^ 3 axM. BBejo,GHHe 
aJIIOMHHHH npH P z n > 1 37 M lipHBOAHX K nOHBJieHKK) B CyjIb^HAe IJHHKa CBO- 
OoAHbJX npH KOMHaTHOH TCMITepaiype 3JieKTpOHOB 3a CHex HOHH3aiI,HH B 3XHX 
yCJlOBHHX MCJ1KHX AOHOpHblX ypOBHeH Alz n . KOHneHTpaUHH CBOOoAHblX 3J1CKT" 
poHOB b KpHcxaJiJiax n, paBHan [Alz n ] , 0Ka3biBaexcH Ha 1-2 nopHAKa MeHbiue, 
i icm oGiiian KOHueHxpauHH jiernpyioineH npHMecn. 3xo cooTBexcxByei peajibHWM 
CBOHCXB3M MOHOKpHCTaJIJIOB ZnS • Al, HCCJieAOBaHHblM B [400, 401]. TaKHM 
oGpasoM, HecMoipn Ha BJiHHHHe xonenHbix Aec})eKToB, bjhomhhhh Moacex AaBaxb 
luObixoHHbie 3neKxpoHbi, ec jih ZnS nonyneH b cpene c H36biTKOM iiHHKa, Ilo- 
BbrmeHHaH npo boahmoctb KpHCTannoB ZnS « Al AOJixcHa HaGmoflaibcn b cjiohx, 
COAepjKaiHHX HeCBH3aHHbIH KHCJIOpOAOM aJIIOMHHHH, T.e. B TCMHblX, TAC [Os] 
MCHbme. Pe3Koe yMeHbmeHHe npoBOAHMoexH KpHCTajmoB (cm. pHC. 5.13, 6 
KpHBan 7) npn 6onbiiiHx KOHueHxpanHHX amoMnnun [400] cBH3aHo c Hapynie- 
iihcm npoBOAHmnx xeMHbix cnoeB (cm. pnc. 5. 11, e ). Ha HanaJibHOH cxaAHH 
noro npouecca Hapyrnaexcn cruiouiHOcxb xeMHbix cnoeB. Ha KOHe^HOH CTaAHH 
pacnafla TBepnoro pacTBopa ZnS • Ai HaGjuonaioxcH oGbeMHbie BhmeJieHHH bto- 
poH $a3bi, TeMHbie Ha $0He npKo JiioMHHecuHpyiomeH MaTpnixbi. 3KcnepHMeH- 
i:uibHbie naHHbie cBHAeiejibCXByiox o GojibiiioH cxaGHJibHOCxn cncTeMbi iBepno- 
10 pacTBopa ZnS * Al • O npn ycnoBHH paBeHCTBa KOHueHTpauHH o6enx npHMø- 
ci*h. 3to npexcAe Bcero othochtch k cBeTJibiM cjiohm, rne anioMHHHH nonHocxbio 
cBHaaH c KHcnopoAOM. Cyjm no hhtchchbhocth chhch nojiocbi 435 hm h CBeae- 
IIMHM o MHKpOCTpyKType, TBepAblH paCTBOp aJIIOMHHHH B ZnS B ITpHCyXCXBHH 
KHcnopona cTaøHJieH bo BpeMeHK, non AewcxBHeM 3JieKTpoHHoro ny^Ka h npH 
njiacxHnecKOH netJjopMauHH. BbmeneHHe H36biTKa anioMHHHH bo Bxopyio 4>a3y 
raKxce He yMeHbiuaex cyinecxBeHHO KOJinqecxBa cBH3aHHbix c KHcnoponoM axo- 
mob AI b Maxpnue. 

ycTOHHHBocTb KHcJiopofla b y3Jiax pemeTKH ZnS • Al oGbHCHnex h cxpyKxyp- 
Hbie OCOGeHHOCTH T3KHX KpHCTaJIJIOB [207, 400]. KaK H3BeCXHO, aJUOMMHHH 
npw KOHueHxpauHH > 10 -2 % cnocoOcxByex cj)a30BOMy nepexony 3C -> 2/7. 
')ro HMeex Mecxo KaK b nponecce pocia, xaK h npn xepMHHecKOH o6pa6oxKe 
of>pa3noB [400]. Cxa6HJiH3auHH KHCJiopona b pacTBopeHHOM coctohhhh b cynb- 
<l>HjI,e HHHKa B IipHCyxCTBHH aJIIOMHHHH OØbHCHHeT npHnMHy yCTOH^MBOCTH 
(cm. pa3zi. 2.3) npH komh3xhoh xeMnepaxype MexacxaGHJibHoii biopuhxhoh 
M ojmcjjHKauHH 2/7 ZnS. 
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5.6. BJlrøUiME JIErUPOBAHMM MEflblO 

HA OA30BOE COCTOHHHE KHCHOPOflA M CTPyKTyPy ODAJIEPHTA 

MccneflOBaHHH onTHqecKHx cbohctb h KpHCTanJiHqecKOH cipyKTypbi 
ZnS - Cu naioT BecbMa npOTHBopeqHBbie jxaHHbie 06 aKTHBauHH cyjib<})HAa uhh- 
Ka KHcnoporøM b npHcyTCTBHH Menn [331, 332,403—405]. C oahoh cTopoHbi, 
oOjiaflan pa3MepaMH (rc u ’ = 0,098 hm), OoJibiiiHMH no cpaBHeHHK) c 3aMemae- 
MblM HOHOM UHHKa (/*z n ‘* = 0,083 HM) , Me^b B y3JiaX HJIH Me>Ky3JIHHX AOJDKHa 
cnocoOcTBOBaib bxokachhio KHcnopona b ZnS ana chhthh ae^opMauHH 
oObeMHoro HecooTBeTCTBHH. ÆHCTBHTeJibHo, Mbi HaOmoAajiH HanOonee hpko- 
Bbipa^eHHbie MHoroJiHHeiwaTbie cneKTpbi oipaxceHHH H303jieKTpoHHbix ueHTpoB 
KHCJiopoaa b ZnS hmchho Ha o6pa3uax, /ierMpoBaHHbix Meabio (cm. pa3fl. 3.4). 
Eojiee Toro, b paGoiax [331, 332, 406] noKa3aHo, mto Meab cnocoOcTByei 

OKHCJieHHIO CyJIb(J)Hjaa UHHKa, IlpH 3 TOM B 6 ojlbIUOM KOJIHqeCTBe o6pa3VK)TCH 
HeHTpbl 3eneHOH H CHHeH JIIOMHHeCUeHUHH, B COCTaB KOTOphIX BXOAHT khcjio- 
poa. 3th >Ke ueHTpbi, ho b MeHbineH KOHueHrpauHH hmckvtch h b caMoaKTHBK- 
poBaHHOM cyjib<})Hae UHHKa. C apyron CTopoHbi, bo mhothx cjiyqanx ciieKTpanb- 
Hoe nojio>KeHHe 3 KCHTOHHbix nonoc ZnS • Cu c yqeTOM bjihhhhh ue<l>eKTOB yna- 
kobkh yKa 3 biBaeT Ha nomn nonHoe oTcyTCTBHe KHcnopoua b dpyKType. TaKne 
o6pa3UbI oOblMHO HMeiOT KOHUeHTpaUHK) Mezm > 10 -3 %. KpOMe Toro, pHAOM 
HCCJieAOBaTejreH noKa3aHO, mto Meflb cTa6HJiH3HpyeT crpyKTypy c^anepHTa 
[17, 18, 405, 407], XIocKOJibKy, no HaiiiHM naHHbiM (cm. pa3A. 2.3), CTaOHJiH- 
3aaHH cTpyKTypw c4>aJiepHra HenocpeucTBeHHo cbh3Slhb. c yMeHbUieHneM KOH¬ 
ueHTpauHH pacTBopeHHoro KHcnopona, 3th pe3yjibTaTbi TaK)Ke CBHAeTenbCTByroT 
06 yMeHbineHHH ero coAepxcaHHH b MOHOKpHCTanjiax ZnS • Cu. 

BbiHCHeHne Bonpoca o npncyTCTBHH h <})a30B0M coctohhhh KHCJiopoaa b 
ZnS * Cu sa>KHo h iuix uenen npaKTHKH, TaK KaK na cyjib<j)HAe UHHKa, Jiern- 
pOBaHHOM MeabK), 6a3HpyeTCfl TeXHOJIOTHH OCHOBHblX 3JieKTpOJIK)MHHO<})OpOB. 
IlpH 3TOM (J)H3H*ICCKHe npOUCCCbl, npOTeKaiOIUHe B 3JieKTponiOMHHeCAHpyK)mHX 
CTpyKTypaX, npHHHHbl HeBOCnpOH3BOAHMOCTH HX CBOHCTB H HeCTaOHJIbHOCTH 
bo BpeMeHH He AocTaTOHHo hchm [408] . Ebuin HccneaoBaHbi b ochobhom mo- 
HOKpHCTajuibi ZnS, BbipameHHbie H3 paciuiaBa c no6aBKoH JiernpyiomeH npHMe : 
ch b BHae Cu 2 S b uiHXTy. CoaepxcaHHe MeAH b hhx no uarnibiM cneiapajibHoro 
aHajiH3a H3MeH4hocb b npeaejiax 10" 5 —1%. CorjiacHo [409], jienipoBaHHe 
ZnS MeAbio ocymecTBJiHeTCH c caMOKOMneHcauneH 3apHAOB Cu' Zn h Cu)-. IlpH- 
cyTCTBHe AByxBaneHTHOK mcah b hbuihx KpnCTajmax mo>kho He yqKTbiBaTb, 
TaK kbk b nHTepaType hmciotch CBefleHHfl o tom, hto b cyjibt}>HAe UHHKa npn 
T > 900 °C, a TaKXce c yBejinqeHHeM KOHueHTpauHH npHMecn AByxBaneHTHaH 
Meab nepexoAHT b oAHOBaneHTHyio [410]. B tqkom cnyqae BBeneHHe MeAH He 
6yaeT BJiHHTb Ha paBHOBecHbie KOHueHTpauHH coOcTBeHHbix ToneHHbix Ae<f>eK- 
tob, nocKonbKy He HapymaeTCH ycnoBHe 3neKTpoHeHTpanbHocTH. OAHaKo 
o6a THna npnMecHbix ne<j>eKTQB b ZnS asiot yBejinqeHHe o6i>eMa (npHMepHo 
Ha 1 8 %) , noaTOMy KOMneHcauw? o6beMHoro HecooTBeTCTBHH b ZnS ocyiaecT- 
BJineTCfl KHcnopOAOM Og nyTeM coaKTHBauHH [80] . 06pa30BaHHio KOMnjieK- 
COB O— Cu AOJIHCHbl Cnoeo6cTBOBaTb H AOHOpHhie CBOHCTBa Cu), KOHneHTpa- 
AHH KOTOPOH paCTeT C yBeAHHeHHeM ypOBHfl JierHpOBaHHH MeAbK) OT 10” 3 AO 

10" 2 % [410]. 

AKTHBauHOHHbiH h XHMHMecKHH aHanH3bi, AarømHe o6mee COAepXCaHHe 
npHMecn He3aBHCHMo ot ee pacnpeAeneHHH b pemeTKe, noKa3ajiH, mto nerH- 
poBaHne MeAbK) ao 10“ 2 —1% He3HaqHTeJibH0 yBenHHHBaeT o6mee coAepxcaHHe 
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KHCJiopOAa b KpHCT&JiJiax — b npeAenax oahofo nopaAKa (ao 0,1 moji.7). 

CneKTpbi oipa>KeKHH, KaTOAonioMHHecueHUKH h nornomeHKH oGpajuoB c 
pa 3 niWHbiM conep>KaHHeM Menn npeacTaBJieHbi Ha pwc. 5.17. CneKTpbi ciiHihi 
b uinpoKOM ny^xe h cyMMHpyicT HH(J)opMauHK> ahh oGpaaua pa 3 MepoM 5 X 
X 5 X 0,2 mm. ComacHO cneKTpaM nerHpoBaHHe MeAbio ot 10 ' 5 ao Kr 3 % oc- 
jiaOjineT b KaTOAOJnoMHHecueHUKH KopoTKOBOJiHoBbie KOMnoHeHTbi A p b Kpae- 
BOH oOnaCTH, HO 0 O 3 AaeT AHHHHOBOAHOBbie, B H3CTHOCTH IlOJIOCy A 3 368 HM. 
MHTeHCHBHOCTb 3KCHTOHHOrO H3JiyHeHHH naflaCT, XOTH KOHUeHTpaiXHH Ae(J)eK* 
tob ynaKOBKH b o6pa3uax, KOTopan onpeAennnacb no mctoamkø [19], yMoib- 
rnaeTCH ot 8-10% b HenernpoBaHHbix cJiHTKax ao 7,5% b ZnS • Cu 10" 2 %. 
CneKTpajibHbiH cabht 3 Kchtohhmx nonoc oTpax<eHHH A HP (cm. pwc. 5.17, 6 ), 
xoth KaqecTBeHHo h cneAyeT 3 a H 3 MeneHHeM KOHiieHTpauHH Ae<J>eKTOB yna¬ 
KOBKH, ho c yneTOM naAeHHH hht 6 hchbhocth nonoc A Hp , CKopee, CBH 3 aH c 
yBejiHHCHHeM b KpHCTannax KOHuenrpaunH pacTBOpeHHoro KHcnopoAa (ao 
10 19 cm" 3 ). fljlH HeKOTOpblX CKOJIOB MOHOKpHCTaJIJlOB ZnS • Cu eneKTpaJTb- 
HOe nOJ 10 )KeHHØ 3KCHTOHHblX IIOJIOC O ipa>KCHHH C yMCTOM AC(})eKTOB ynaKOBKH 
cootbotc rnyeT "GecKHCJioponnoMy” ccfyuicpHiy. 

MapH'i,y c j i mm » cncKipax oipa xcciihh pn/ta MOHOKpHCTajiAOB ZnS * Cu 
iipiicyrcTByKH cjiaGbic iiojjocm pejiakCHpoBaHHbtx coctohhhh A p Ha Aanb- 
hhx O s Og-napax, oiTHcaiiHbic HaMH b paxc 3.4. KoHneHTpauHH H303JieKTpoH- 
hoh npHMecH, HeoOxoAHMan ajih iiohbjichhh jthx nojioc, AonxcHa 6 biTb He 
MeHee 10 19 cm -3 . Ilpn 3tom, ecjrn ajih KpHCTannoB ZnS • Cu 10~ 5 % HanGo- 
nee HH3K03HepreTHnecK0H komhohchtoh cncKTpa oTpaxæHHH penaKcnpo- 
BaHHbix coctohhhh h a a^jibhhx Og — Os-napax hbjihctch ^S-nonoca 346,2 hm, 
to ajih ZnS • Cu 10‘ 3 % noHBnneTCH cneAyiomaH, Gonee AJiHHHOBOJiHOBaH 
^-nonoca 352,5 hm. B cneKTpax nornomeHHH, chhtbix Ha noJinpoBaHHbix 
ruiacTHHKax tojiiahhoh 0,2—1 mm npn 77 K, HaGjiionajiocb npn JiernpoBa- 
hhh MeAbio AonoJiHHTenbHoe nornomeHHe. JXnn MOHOKpHCTamioB c coAep- 
xcaHneM m em 10" 5 % Kpan AonojiHHTejibHoro nornomeHHH cooTBeTCTBOBan 
335 hm, a jym ZnS • Cu 10 _3 % — 350 hm. PaccMOTpeHHbie 3 KcnepHMeHTajib- 
Hbie <J)aKTbi cBHAeTeJibCTByrøT 06 yBeJiHHeHHH KOJiiraecTBa pacTBopeHHoro b 
y 3 nax pemeTKH ZnS KHcnopoAa npn jiernpoBaHHH MeAbio ao 10” 3 % (cm. 
pa3A- 3.4), 

JloKajibHaa cr>eMKa b P3M KpHCTajuiOB ZnS • Cu 10“ 3 % noKa3ana, uro 
b hhx hmciotch ynacTKH c pa3Hofi KOHueHTpauHeH pacTBopeHHoro KHCJIO- 
poAa. Ha pnc. 5.18 npHBeAeHbi cneKTpbi, CHHTbie b P3M c ynacTKa 100 X 
X 100 mkm, npn pa3HOH hhtchchbhocth B036yxcAeHHH (o6pa3eu tot xce, hto 
h Ha pnc. 5.17). B cneKTpe nponaAaer ^if-nonoca 368 hm (no cpaBHeHHio 
co cneKTpoM pnc. 5.17), ycHJiHBaeTCH A p 2 -nonoca 430 hm h yMeHbmaeTCH 
OTHocHTejibHan mnencHBHOCTb A p -cepmi. YaKoe H3MeH eHue cneKtpa coot- 
BeTCTByeT yBejuweHHio KOHueHTpaAHH KHcnopona. Ho, c Apyron CTopoHbi, 
Bce nonocbi penaKCHpoBaHHbix coctohhhh HacbimaioTCH c poctom HHTeHCHB- 
hocth B036yxcAeHHH (cm. pnc. 5.18, 6). OGbiqHO 3 to He HaGjiioAaeTCH npH 
KOHueHTpauHH paBHOMepHO pacnpeAeneHHoro b oGbeMe ZnS KHCJiopofla 
^ 10 19 CM~ 3 . IIO-BHAHMOMy, B CneKTpax pHC. 5.18 npOHBJIHIOTCH ynaCTKH c 
nOBbimeHHOH KOHueHTpauHeH KHCJiopOAa. C POCTOM HHTeHCHBHOCTH B036y>K- 
A6HHH b cneKTpax ycHjiHBaioTCH nonocbi HepenaKCHpoBaHHbix coctohhhh. 
B Tex cneKTpax, rAe nonocbi A Hp pa3peinarøTCH (cm., HanpHMep, pnc. 5.18, a. 
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Phc. 5.17. CneKTpKL KaToaonioMHHecueHuuH (f?), OTpa/KCHHH h nornomeHMH (5) npw 
80 K ctJjajiepMToB, jrøfupoBaHHbix mcamo ot 10 5 uo 1% (uH^pw y KpHBbix) 

Phc, 5.18. M3MeHemie cneKTpa KJ1 npn 100 K (<?) w hhtckchbhocth nojioc {6) c yBGjm- 
mchhcm Tona nyHKa (KpHBbie J -* 4) MOHOKpHCTajina ZnS - Cu 10 3 % 

KpHBaH 4), OAHa H3 HHX (4” P 2 332 hm) COOTBCTCTByeT o6jiaCTHM KOHUCHipH- 
poBaHHH KHCJiopojia, a BTopan 327,5 hm) — 6onee toctum no khcho- 

porty ynacTKaM KpncTajuia. OuHoBpeMeHHO 3TH nojiocbi MoryT HaGnioftaTi ch 

TOJIbKO B HeOJXHOpOAHOM KpHCTaJIJie. 

CneKTpbi OTpa>KeHHH, CHHTbie b uinpoKOM nyqKe c Toro >Ke cKoJia. uaioT 
aKCHTOHHyio nonocy .4” p , cooTBeTCTByiomyK) cyjib<}>Hzxy uhhks c MajibiM co- 
Aep>KaHHeM KHCJiopofla. 3 to bo3mo?kho, ecnn cKonjreHHH KHCJiopoua, rue 
jioKanH3yioTCH v4 lj2 ‘U^HTpbi, He CTaØHnbHbi Ha noBepxHocTH, TaK KaK cneKTp 
OTpaxceHHH b6jih 3H Kpan (J)yHA,aMeHTajibHOH a6cop6uHH uaei HHt()opMaumo 
o cnoe TOJimMHOH ~0,1 mkm, B KaT oao uroMHHecucHuwn 2 -ueHTpbi MoryT 
BblHBJTHTbCH H HH AHCJIOKaHHHX B pe3yjibTaTe TOrO, MTO 3JieKTpoHHbIH riyMOK 
P3M npoHHKaeT b o6beM KpHCTajuia Ha rjiyØHHy ~1—2 mkm [149]. B TaKOM 
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cnyqae o6jiacTH JioKaJTM3auHH KHCJiopoAa, rae cocpeAoxoqeHbi A j^ uompbi, 
aoa>KHbi BbiHBJiHTbCH h b nornoineHMH. JJjlR ZnS * Cu 10“ 3 % BJIHHHMC tvtajlbix, 
euie noKaJibHbix H3MeHeHnn, KOTopbie cooTBeTCTBywr Hanany pacnaaa iBcpao- 
ro pacTBopa ZnS * Cu ■ O, na cneKTp norjiomeHMH cnaGoe. B 3tom othollichhm 
OK a3biBaeTCH noJie3HbiM nccnenoBSKHe rpy6o AByx<j)a3HOH cncieMbi ZnS • Cu 
c coaepacaKHeM Menn > 10 _1 %. Ha Hen, KaK Ha MoaejiH, yaaexcH iipocneanib 
3a npoTeKaiomHMH npoueccaMH. Flpn Gonbiinix KOueHTpauHHX MeflH BMecxo 
oaHoro Kpan AonoHHHTejibHoro nomomeHHH 350 hm Bo3HHKaeT ABa: 335 w 
380 hm. IIocJieaHHH ycHJTHBaeTCH c yBejiHHeHueM ypoBHH nempOBaHHH. Co- 
niacHO TaGn. 3.4, Kpaii norjioiueHHH 380 hm cooTBexcTByeT nomomcHHio 
A j t 2 “U^HTpaMH. 

XlonoJiHHTejibHyio HH(})opMaAHio o hcoahopoahocth KpHCTannoB ZnS • Cu 
aarøx HCCJieaoBaHHH ckojiob b P3M. B cboic KaroaojiKJMMHecueHUHH hcoaho- 
poAHOCTh KpMCTaJlHOB BblHB/lFCTCfl A.TXCC Iipn KOHUCHTpaUHHX MeAH 10 _5 %. 
I!a pwc. 5.10, a iip(*ACTHHJieii ckoji <>Gpa ma Z:iS • Cu 10 ~ 4 % qepe3 6 neT iiocjic 
B bipamnHaimH (Kap mua iioAoGna ioh, KOTopaa HaGjnoAanacb Ha pnc. 5.6, ^ 
auh KpiR lajma c iu)jfi>mou imuTHOCTbio AHCJiOKamm). Tox >Ke o6pa3eu 
ZnS • Cu 10 nccjicnoBaiiiibiH b P3M ao ciapeHHH (cpa3y nocne Bbipa- 
lUMiiaimH), nattan oMciib oAHopoAHoe cBenemte Ha noBepxHocTH ckojiob. 

1’auua iBcpAoio pacxBopa ZnS ■ Cu o6n3aH pe3KOH xeMnepaTypHon 3aBH- 
CMMOCTH paCTBOpHMOCTH Me AU B ZnS [411]. EcJIH B yCJlOBHHX KpilCTaAJIK3a- 
iini! M3 pacnnaBa npeAenbHaa pacTBopHMOdb mcah b cyJib(|)HAe AHHKa mo>kct 
i.iriuraTb ~ 10%, to npn 500 °C ona cocraB/iaeT 10~ 2 % h AonxcHa yMeHbiuarb- 
ru cme Ha necKOJibKO noprøKOB npn 300 K. Bto >Ke KacaeTCH CTa6HJiH3HpyK>- 
moro bjimhhhh KHCJiopoAa Ha yAepacanne Me ah b y3Jiax peuiexKH ZnS, to chji 
oftl.CMHOH KOMneHCaAHH npH TaKOH COaKTHBaUHH, BHAHMO, OKa3bIBaeTCfl He- 
jiocraroMHO. Eonee Toro, b npHcyTCTBHH KHCJiopoAa pacnan TBepAoro pacTBO- 
pa ZnS • Cu GyneT npoHcxoAHTb npw ero yuacxHH h conpoBO)KAaTbCH Gonee 
i nyGoKHMH n3MeHCHHHMH b cTpyKType, neM b A£30KCHAHpoBaHHoM MaiepHaJie. 
B >iom oTHomeHHH TBepAbie pacTBopbi ZnS • Cu OTJiHqarøTCfl ot ZnS • Ag. 
B imc/ieAHKx pacnaA MeHee rnyOoKKH, no-BKAHMOMy, H3-3a to ro, mo pa3Mep 
npMMecHoro aTOMa Ag Gonbiue, neM y Cu, h 3 TO oGecnennBaeT ycTonqHBOCTb 
cHCTCMbi ZnS-Ag—O. CepeGpo b cbh3H c 3thm ne CTa6HJiH3HpyeT KyGnne- 
cKyw CTpyKTypy ZnS [412]. 

Ilpn jierHpoBaHHH MeAhrø > 10 _1 % b pacnaAe TBepAoro pacTBopa ZnS • Cu • O 
ii[#HHHMaeT yqacTne yace Becb o6^e^^ KpHCTajuia. B tqkmx KpHCxannax oGpa- 
jyioTCH MHoroMHcneHHbie nJiacTHHqaTbie BbiAeneHHH (cm. pwc. 5.19, 6 ), Kpn- 
ctojiji npHoGpeiaeT KopH^neByio oKpacKy, KpacHOBaTyio b cKonax. 

Ha pwc. 5.20 (KpHBan 1) npeACTaBnen cneKip cBeTjioro b KaTOAOJirøMHHec- 
achuhh oKpy>KeHHB BbiAejieHHH ZnS * Cu 10 _2 %. CneKTp CBHAeTenbCTByex o 
rOM, 4T0 BbineJieHHe OKpyXCeHO AOCTaTOMHO MHCTblM no KHCJlOpOAV H MCAH 
ynacTKOM cynb(])HAa UHHKa c coBepmeHHOH CTpyKTypoH. BoJiee TeMHaa b CBeTe 
KaTOAomoMHHecueHAHH Maipnua, cyAH no cneKTpaM, cHAbHee AernpoBaHa 
KHCJlOpOAOM (CM. PHC. 5.17, fl). 

CbeMKa b oTpaxceHHbix 3jieKTpoHax a^h cnjibHo JierwpoBaHHbix KpncTajinoB 
ZnS • Cu no3BOJiHJia o6Hapy>KHTb KHCJiopoACOAep5KauiHe CKonjreHHH Ha ahcjio- 
KauHHx b MaTpnue (cm. pwc. 5.19, e). Ohh. pacnonaraioTCfl BOKpyr BbiAeneHHn 
51 BbirJlHAHT Gonee TeMHbIMH, nOCKonbKy HHTeHCHBHOCTb OTpa>KCHHbIX oneKTpo- 
HOB paereT BMeCTe CO epeAHHM nOpHAKOBblM HOMepOM aTOMOB COeAHHeHHB, 

183 




Phc. 5.19. MHKpo4>OTorpact>HH mohokphct 2 ljijiob c4>anepHTa ZnS ■ Cu c coAep?KaHHeM 
Mexm 10" 4 (fl), 10" 1 (e, e) k 1% (6), nonyneHHue b cBeTe KaToAOJiiOMHHecueHUHH (fl, 
6, e) hb oTpaaceHHbix ajieicrpoHax (e); yBeniroeHHa - 400 (fl), 300 (6), 3000 (e, e ) 


CocTaB CBeuibix Ha pnc. 5.19, e BbifleneHHH, KOTopbie o6pa3yioTCH npn pacnaAe 
TBepfloro pacTBO^ ZnS • Cu • O, moxcct cooTBeTCTBOBaTb TOJibKo Cu 2 S, TaK 

KaK TOJlbKO flJIfl 3TOK (J)a3bl (hJIH HHCTOH MeflH, HTO MaJIOBepOHTHo) CpeflHKH 
nopnflKOBbiH HOMep 6oJibiue, qeM y ZnS. IIpH cobmccthoh flH(})(})y3KH khcjio- 
pofla H Cu K MeCTaM HX KOHfleHTpHpOBaHHH B03MOXCHO 06pa30BaHHe KynpH- 
Ta Cu 2 O. riocjieflHee noflTBepxcflaeTCH KopKqHeBo-KpacHbiM (neqeHoqHbiM) 
UBeTOM CKOJIOB THKHX KpKCTaJUlOB. 3 tK HCCJieflOBaHHH CBHfleTCJIbCTByiOT o 
tom, qTo cHCTeMa ZnS • Cu • O MHoro<J)a3Ha (ZnS • O, Cu 2 S, ZnO • S, Cu 2 0). 
Ilpoueccbi pacnafla TBepnoro pacTBopa b HeH npn Majibix KOHixeHTpaunHX MeflH, 
oqeBHAtHO, Te xce, xoth HeT eme KpynHbix BbifleneHHH (pnc. 5.19, 6 — 2 ). Ponb 
MeflH B o6pa30BaHHH CKOnJieHHH KHCJlOpOfla B TaKHX KpHCTajIJiaX CBOflHTCfl K 
C03flaHHK) flHCHOKaflHOHHblX aTMOC(})ep BOKpyr BbifleneHHH Cu 2 S H K CTaOHflH- 
3aflHH 3THX CKOnJieHHH Ha flHCnOKaflHHX H3-3a B03MOXCHOTO npHCyTCTBHH CU/ B 
OØJiaCTH paCTH)KeHHH flHCJIOKaflHH (cm. PHC. 5.7). CKOnJieHHH KHCJlOpOfla Ha 
AHCJiOKaflHHX ycTOHqHBbi TOJibKo b oOieMe. HHorfla ohh HaOnioflaioTCH b 
cneKTpax TOJibKo cpa3y nocne cKajibiBaHHH (cm. pnc. 5.20, KpHBaa 2). Crape- 
HHe (b xeqeHHe 1 -2 zmeii) npHBOflHT k Hcne3HOBeHHio 3thx hpkhx yqacTKOB 
CBeqeHHH ZnO • S. lipu 3Tom Ha noBepxHocra CKOJia BO3HHKai0T qep- 
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^him. omH.efl.. 



Tiu:. 5.20. CueKTpbi MHKpoKaToflonrøMHHecueHUHH (100 K) cBeuioft b KaTOAonrøMHHec- 
iiciniHH oO^acTH BOKpyr BbifleJieHHH (7), ynacTKa CBeaæro CTOKa (2), ero »e nocjie crape- 
IIHM ( 3 ) M TeMHOtt B KaTOAOJIlOMHHCCUCHlXHH nOJIOCbl ( 4 ) I COACpJKaHHe Me AM 10" 2 ( 1 , 2 , 

3 ) h J0" 3 % ( 4 ) 


Hbie B Oipa>KeHHbIX DJieKTpOHaX OKCHAHbie CKOnJieHHH, OnTHqeCKM HeaKTKB- 
Hbie. B cneKrpax thkhx o6pa3uoB, noBTopHO chhtbix 4epe3 cyTKH, HaminaeT 
npcoGnaflaTb cBeneHHe OKpyxæHHfl CKOiuieKHH (cm. puc. 5.20, Kprøan 3). 

Ot CTeneKH pacnaAa TBepAoro padBopa h ero cociaBa 3aBHCHT TaKXce hh- 
TCHCHBHOCTH BHAHMblX nOJIQC MeAHblX IjeHTpOB. KaK H3BCCTKO, MeAb AaeT B 
ZnS chhk>k>, 3 eneKyio h KpacHyio jnoMHHecueHUHio. UenrpaMH 3 thx bhaob cBe- 
MCHMH no nHTepaiypHbiM AaHKbiM hbjthiotch accoimaTbi pa3JiHHHoro rana, 
BKjnoMarouiHe Cu. Ilpn 3 tom npenapaTHBKbie ycnoBHH nojiyneHHH moMHHO^o- 
poB npeAnonaraiOT, mo KpacHbie ueHTpbi conepxcaT Mexcy3ejibHyK) Meflb [80, 
413, 414] H BO3KHKai0T npH OTCyiCTBMH KHCJlOpOfla HJIH ero MHHHMaJIbKOM 
coAepxcaHHH, a 3eneHbie h chhhc ueHTpbi — TOJibKo b npncyTCTBKK KKCJiopoAa 
[331, 332, 415]. 06pa30BaHMio chhhx ueHTpoB, KaK npaBHJio, npeAinecTByeT 
B03HHKHOBeHHe 3eneHbix [80, 109] . UeHTpaMH CHHero h 3eneHoro CBe^eHHH, 
no flaHHbiM [331, 332], hbjihiotch accounaTbi Cu—O c pa3jiH*iHbiM coAepxca- 
HHeM KHcnopoAa. CBe^eHwe Ha MeAHbix ueHTpax CBH3biBaeTCH c nepexoAaMH 
3JieKTpOHOB H3 30HbI npOBOAHMOCTH Ha ypOBHH aCCOUHaTOB. 

HapnAy c 3 THM b paOoTax [331, 332] oTMeqaeTCH, mo b ZnS ■ Cu-jiiomhho- 


13. 3aK. 1370 
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4)0 pax 85% Bcex H3JiyHaTenbHbix peKO m 6 hhhuhh nponcxouHT Ha TaKwx >Ke 
light pax, KaK h b ZnO, mmoMy CBCMenne Mo>xeT 6 bHb o 6 H 3 anc octpobkobmm 
06 pa 30 BaHKHM OKCHAa UHHKa. C H03HUHH B03MO)KHOrO COCymeCTBOBaHMH B 

cyjib^nae røHKa, couepxcaiueM KHCuopou, 4 > a3 ZnS • O h ZnO * S (paau. 5.3) 
B 03 HHKH 0 seHne KpacHoro, aejieHoro h CHHero cfceHCHHH mo>kho oObHCHHTb 
o 6 pa 30 BaHneM penaKCHpoBaHHbix coctohhhh Ha cepHbix ueHTpax S Q —S Q » 
OCipOBKOBblX 06pa30BaHHHX OKCHAa [331], KoHKypeHHHB MeXCUy 3THMH BH- 
Aa.MH CBeqeHHB Iipn H3MeHeHHH COflepXCaHMH KHCJiOpOAa B ZnS T3K)KC HaXOUHT 
oGiHCHeHHe. .fleHCTBHTeJibHo, ecjiH B03HHKH0BeHHe KpacHoro, 3enenoro h cHHe- 
ro cBeMeHHH o 6 h 3 qhc OKcnuy UHHKa, BOJHHKaæiucMy b ZnS • Cu • 0 ripn pac- 
naue TBepuoro pacTBopa, to H 3 MeneHHe cociaBa ZnO • S b dopony yMeHbuie* 
hhh couepxcaHHH cepbi (yBeuHMeHHe couepxcanHH KHCJiopoua) uoji>kho npuBecTH 
k nepexouy ot KpacHoro CBeHeHHH k 3 ejieHOMy h 3aTCtvt k cnneMy w yjibTpa- 
45 HOjneTOBOMy (cm, phc. 4.22), CBeneHHe b chhch o 6 jiacTw e dtom aiynae cneKT- 
pajibHO nepeKpbiBaei Bce KOMnoHeHTbi uajibHHx S 0 --S 0 -nap, a MaKCHMyM no- 
JlOCbl npHXOUMTCB Ha HaHØOJiee UJIHHHOBOJIHOBblH H3 HMX (CM. pHC. 4.22). flpM 
noKajibHOH CbeMKe b P3M B 03 HHKaioiuaH chhhh nonoca KaioAomoMHHecueKUHH 
b p«ue cJiyMaeB npoMepneTCH KaK He3JieMeHTapHan (cm. puc. 5.20, k pHBan 4), 
a nono>KeHHe ee MaKCHMyMa He iioctohhho. KpacHoe h 3 e;ieHoe CBe^eHHe Mcxcer 
6 bITb CBH3aH0 C OjIHXOIHMH H epeUHHMH Sq— So-napaMH (CQOTBeTCTBGHHO, 
B03HHKaK)IUKMM npH MeHbUieH KOHUeHTpaUHH KHCJlOpoUa B BblUeJICHHHX. 

B03HHKH0BeHHe OCipOBKOB OKCHUa UHHKa B ZnS • Cu nOUTBepxgiaeTCH JIO- 
KajibHOH cbeMKOH b P3M. HanpHMep, Ha pnc. 5.20 (kpmbbh 2) b cneKipe y^acT- 
Ka CBe>Kero cKOJia, nonaBuiero Ha oOjiacTb KonueHTpHpoBaHHH KHCJiopoua, npe- 
oSjiauaeT nonoca 370—400 hm. C yBejinneHHeM ypoBHH B 036 y>KueHHH oHa pe 3 - 
ko ycHJiHBajiacb no HHTeHCHBHOCTH, anepe>KaH ua>xe skchtohhvk) yl Kp -nonocy 
ZnS * O. 3to noKaabiBaeT, mo BO30y>KuaeTCH 3 KCMTOHHoe H3JiyMeHne oKCHua 
UHHKa, npHMCM, cyu,H no cneKTpaM, jnoMHHecueHUHH o6H3aua He cboOouhmm 
3 KCHTOHSM ZnO, a ^ HP - H A V - COCTOHHHHM HS H30UHpOBaHHbIX Sø- 
ueHTpax h uaiibHHx S 0 — S 0 -napax (cm. pnc. 4.22). BoaHHKHOBeHHe 3 thx uen t- 
pOB flBJineTCH cneuyioiuHM (nofcjie bo 3 Hhkhobchhh ”cmmx” S Q ~-S 0 -ueHTpoB) 
3TanOM KOHUeHTpHpOBaHHH KHCJiopoua B ZnS. 

BbICOKafl 34>(|^KTHBHOCTb nepøUaHH 3HeprHH K OKCHUHblM UempaM B KpH- 
CTajuiax ZnS • Cu * O CTaHOBHTCH noHHTHOH, ecjiH paccMaTpHBaTb 3 tot Bonpoc 
c no3HUHH ynacTHH b cBeneHHK pejiaKCHpoBaHHbix h HepenaKCHpoBaHHbix co¬ 
ctohhhh Ha H303JieKTpOHHbIX HpHMCCHX KHCJTOpoUa H Cepbi B $ a 3 aX ZnS H 
ZnO, cocyxuecTByioiHHx na uHCJiOKaiuiHx. B TaKoil MaTpHue kopotkobojihoboc 
CB cMenne ZnS • O (327—430 hm) 6 yuei pea 6 cop 6 HpoBaTbCH b oOnacTH 370- 
430 hm ZnO • S*4>a30H c nocjieuyioiueH nepeuanen 3 HeprHH k Gonee riryOoKHM 
CepHblM IieHTpaM H B03HHKHQBeHHeM HX CBeHeHHH B oOiiaCTH 640 HM, 



3AKJHOTEHHE 


B HacTonmee BpeMH moxcho oxapaKrepK30Baib cyjib<})MA uhhk 3 KaK no- 
jiynpQBOAHHKOBoe coeAHHeHHe, jjjih Koroporo CTexHOMeTpHuec khh cociaB hb* 
jihctch, CKopee, HCKjuoneHHCM, hgm npaBHJioM, h npaKTmiecKH Bcer^a mm 
HM eeM zxeiio c cynb^WAOM iiMHKa, couep^xamiiM KHCJiopoA. MHoroo6pa3He 
4>opM iipHcy tctbhh KHCJiopoAa: Os, O s —Og, 0/ s ZnO • S, KJiacTepbi h AP- -- 
o()H3aHo MarpKixe. hjim, TOHHee, HaGopy coøcTseHHbix AetjjeKTOB penieTKM eyjife- 
LIHHKa. 3 to OTHOCMTCH KaK K TOHeHHblM, TaK H K npOTHXCeHHblM AecfceK- 
ihm r. onpeAejiHex ch ycnoBHHMM BbipamuBaHHH h oxjiaxcAeHHH KpHCTajuiOR. 
KlICJIOpOA B TaKOM CHCTCMe npH OAHOH H TOH >Ke KOHUeHTpaUHH MOXCeT 6bllb 
PiKiipcntHeH pa3jiHHHo, B iio/iaBHHiomeM 6oJibuiHHCTBc cnynaeB KpHCTajuibi 
/llS, Hl.ipaLilCHHbie B pa3JIHHHbIX yCJIOBHHX, HBJIHIOTCH KepaBHOBeCttblMH CHCTe- 
VTHoAHepxCCHHblMM H3MeHGHHHM BO BpeMeHH. 

K n lopoji ii koCk tBemibie iøHe T Wbie uec^eKTbi onpeueiiHioT h xapaKTep nerH- 
pi in.icmi I \ II.HIIKa HOCropoHHCH npiiMCCblO. B npHCyTCTBHH KHCJIOpOA- 

Ul.iv II -II11M >11 M 1111 >1 i I ll<‘ IC! Il|'\ IOIIK H IlpHMCCH H3 OnTHV?CKWC CBOHCTB2 ZnS 

ui(i!iiiii'i i. i' in>mino cc iu onpc;icjimoiucc >m ciioiicTBa pacnpeuejieHMe kmcjio- 

I »<>ji;i n M.npiiin Mfju. n upvinc npcMcciu koMiicHCHp/ioinne oObCMHoe Ke- 
l il< Jlupo.'im.i\ nmp^lt »MK>KHoi o ‘UMOUKHMH, IIpM OoJIhlHHX 

KonH(’iii|Miiun\ < imapvMcim.nui ; ri icpiipyimmv uencniMC ;u!H kHCJiopoua b 
obl.CMC H CIlibliJM. UipviOl CKOI1UC11 H >1 lia AMCJIOkailHHX; IIpll Majil.lX KOimCHipa- 
UHHX IC >KC liOHMCCll JUIMI KMMIKICKChl C KMCJIOpOAOM, 6jlH3Kt!C HO OlUM-ie- 
CKMM CBOBCTBaM OITpCAeJieHilbiM KHCJIOpOAHblM UeHTpaM. Xt ! 3H MC UB H KajfMH 
kOMlJUCKCbl nOUoCiKbl CpeUHHM KMCJlopOUHblM IiapaM, UJIH aJlFJMMHHfl - KHCJIO 
Pouhmm napaM b 6/iHHcaihiiHX yauax pemeTKH. jlernpoBaHHe reMH >Ke npuMe- 
chmh cyjib<J)Hua uHHKa, nojiyneHHoro c h36mtkom cepbi, npHBouHi k npHHun- 
UMaJlbHO HHblM 3(})(|)eKTaM B cneKTpaX JHOMKHeCUGHUMH. 

B cyjib(J)Hue uHHKa, couep>KameM KHCJiopou b v3Jiax pemeTKH Ojiarouapn 
yAaHHOMy nepeKpbiTHK) cneKTpoB ZnS • 0 h ZnO * S h TepMOAHHaMHHecKH 
BbirOAHOMy paBHOBeCHK) 3THX 4>23 Ha AecJjeKTaX CTpyKTypbl H303JieKTpOHHbie 
UCHTpbl B3aHMOAeHCTByK)T H 06eCneHHBai0T BblCOKyiO 3c})<{)eKTHBHOCTb JIIOMHHe- 
cneHUHH b HiHpOKOM cneKTpajibHOM AHsna30He 330-640 hm. 

Mbi nonaraeM, hto BbiBOAhi, cAeuaHHbie ajih CHCTeMbi ZnS—ZnO, aojdkhm 
6bITb oOuiHMH H UJIH ApyrHX nonvnpOBOAHHKOBblX COeAHHeHHH C H303JieKTpOH" 
hmmh nempaMH MJiH hx TBepAbix padBopoB. Pa3BHTHe 3TOFO HanpaBiieHHH, 
HecoMHeHHO, pacmnpHT Kpyr Hamero noHHMaHMH cbohctb TaKHx chctcm h 
6yAeT cnocoScTBOBaTb 6onee yenemHOMy hx npaKTH^ecKOMy ocBoeHHio. 
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